CONFIDENTIAL 


See 


op le © le ie © Sl iy © le A LN D Ex 


- 


te: 


§1 MEGA DRIVE 16BIT MODE 


000 MEMORY MAP 
O MEMORY MAP 

000 ACCESS TO 
ie) 
N 


Z80 MEMORY 
AREA 


OTERMINOLOGY 


§1 DISPLAY SPECIFICATION 


wm 


2 VDP STRUCTURE 
OCTRL 

OVRAM 

OCRAM 

OVSRAM 

ODMA 
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§5 VDP REGISTER 
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MASTER SYSTEM COMPATIBILITY 


SEGA 


a Mi EM ORY M A P 
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SEGA CONTROL 
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SEGA 
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SYSTEM IO 
SEGA 
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WORK RAM 
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$A00000 
$A10000 
$A11000 
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8000H 
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$A00000 


$A02000 


$A04000 


SAQ06000 


SA0Q08000 


SAOFFFF 


SOUND RAM 


SEGA 
RESERVED 
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68000BANK 


ACCESS 
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YM2612 AQ 


DO 


BANK REGISTER 
ACCESS 
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PSG 76489 


YH2612 Ao | DO 
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ACCESS 
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O4000H 
O4001H 
O04002KH 
O4003H 
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O6000K 


O6001H 


OTE Tdi 
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S$A04000 
$A04002 


SA04004 


S$A06000 


SAQ06002 
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me te M AP PP tN  G 
Z80O0 MAP 

We show the memory at right. - 280 ADDRESS 
1/0 is contained in memory map. 0 


1) PROGRAK AREA- 1FFF 


Prigram, data and scratch are in 0 to 1FFFH, 

is S-RAM. 4000 
2) BANK 

From 8000H - FFFFH is window of 68K memory. 

Z-80 can access all of 68K memory by BANK ~ 6000 


Switching. BANK select data create 68K address 
from Al5 to A23. You must write these 9 bits Pa 
one at a time into 6000H serially, byte units/ 7FI1 
using the LSB. | 


eee RAGS 


OF. OUSER EAS 


$A1L0000 


$A10002 


$A10008 


SALOOQOE 


S$A10014 


SALOOILA 


$A10020 


SAILFFFF 


$AINCOB DATA COTRI1} 
$ALGO05 DATA CC TRS) 
$AIOOO7 DATA (EXP) 


SAIGOOF 
FALOSCOB 
$AIOOS D 


$AlQ00 F 
$A1006 1 
$AIOO13 


ZAIOOIS ; 
$AIOOI7 
$AL00!19 
FALOOIB PeDAT A (E) 


AlOOID RxDATA 
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$A1TOO00 


$A11002 


$A11100 


SAW UE T.O:2 


S$A11200 


S ALL TD 2:0.2 


SALF FFF 


$C00000 


$C00004 


$C00008 


SCOOQOOA 


$COQO0O0O10 


$CQO0012 


SDFFFFF 


The VDP controls screen display. VDP has 
Eraphic modesW and V, where ModeW is for 
compatibility with the MASTER SYSTEM and V 
for the new Mega drive functions. There are 
advantages tio..using modeW, so it is assumed 
all Mega drive development will use modev. 
In modeV, the VDP display has 4 planes SPRITE, 
SCROLLAYWINDOW, SCROLLB, and BACKGROUND 

GRAPHICNW MODE (COMPATIBILITY MODE) 
: BACKGROUND 
S)C:R:0- Eb] F 


2 VD PHB UE Sea SS Ss ae iS 
(Video Display Processer) 


PRIORITY 


CONTROLLER DISPLAY 
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PRIORITY 
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bytes are 
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bit. words 
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Si- “Db SPLAY 


SPECIFICATION 


DISPLAY SPECIFICATION OUTLINE 


Doles PLAY aes. 
SIZE 


CHARACTER GENARATER 


Foor) PrAib (tte . .Eiiurvocpe%a nn “Tes] 
i el 


S$.icze 


8*8CELLS 1300-1800 depending on general systen 
configuration. 


Two scrolling play fields, whose size in cells is 
selectable fron; 


32*128 


Sprite size is programable on a sprite by sprite 
basis, with the following choices. 


8 ¥ 8, 8*16, 8*2 4, 8*32 
1G 487 Ge 6, LO 4, 6 F385 
Oy Sey ee Os eck Be AL Oe eB 8 
32485 3:2:% 1-6, 224 2°4, 3-24.39 


There are 64 sprites available when the screen is in 
32 cell wide mode, or 80 when the screen is in 40 
cell wide node. by 


SOHZ standard), 


1:0.N 
0; f° 73:0" *e 24:0" dots.) is 


The VDP supports both NTSC end PAL televisio 
Standards. In both cases, the Screen is divided 


into active scan, where the picture is 
displayed, and vertical retrace(or vertical 
blanking) where the monitor Prepares for the 
ne. x t. rd irs pil avy: S 

YDP FETCHES DISPLAY TYPE _ GENERATE RORIZONTAL INTERRUPT 

v ; Vv 

ORIZONTAL —_— DISPLAY aa HORIZONTAL 
RETRACE ; : RETRACE 


SSS ASTER Se ee 


VERTICAL RETRACE 


DISPLAY 


GENERATE 
VERTICAL 
INTERRUPT 


VERTICAL RETRACE 


Numbers of rasters in a@ screen are as follows: 


LINES/SCREEN YCELL NO LINE NO. LINE NO. 
(DISPLAY) (RETRACE) 


| 28 | 224 RASTER 38 RASTER 


28 | 224 RASTER 98 RASTER 


3 0 | 240 RASTER 


§2 VDP 


The CPU 
Lo cvact: 1-0 ns: 


Clo-n t-r'o,.1-s 


OE CATH REE CC Ont OF EEO 
THis Comtrois REGPSTER VRAM CRAM, VSRAM DMA 
DIS Po b-A YL, Se B34. 4 : 
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each 


VRAM 


a ENTERED PT 


TRete Ore hire  Laterru pts: Vertical, Hor i267 +6 1. 
S and Externe). You Can. control each ioterrust <b y 

the LEO, DLEt, and DE? bits in the VDP vegies t6rs. 
TYE Interrupts use the AULOS=VECTOR mode of the 
68000 and are €6 t chewed Ss 6) 4) ed 2S fe spe ort vel ys, 
the Level 8S” vertical interrupt hevine the 
hii-@ hre*s-t. «pr ico r tty. 

T hve: -ycewr ti cay PnCe rer p tO ew rs Fu sit at ter 


DISPLAY PERIOD VY RETRACE 
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INTERRUPT POINT 


OUSHORTZON TAL SUN TER RU BOT SCR SEN Ty oo 


( fhe: Hor sort e) 
H retrace. 


* DISPLAY PERIod 


in teer ru pst 


H RETRACE 


occurs 


Joust “before 


4a< — 36CPU Cclock-——— >a 


INTERRUPT POINT 


The 


VDP FETCHES INFORMATION FOR THY LINE 


VDP to ee Ss ote eet ied dt spay. ate met ion. 
tn-¢ liued-itng adel ‘ree:quivre'd -r-evg:is tier we lwues: flor “the 
Detenve® “len: <a: beocu t -3:6'e-lol1e- ks). t.hsais. <tBchee GPUs. -Glacnsevomn toh 0-2) 
thee: -dulrs ip: l-av-y cof > “t Hue -meix't “basnve <bawté noo 
the line on which the interrupt oceur's 

H SYNC 


yan rN 
INT CHANGE 
SETTINGS 

i Aver, anvOarei-Z oon tea. ck inet errr 
li-nve: “eon tie: p> tisn. ‘ress bist 

bet) tnsies’ Loi nes. ero. urnt eur 
urp: t; the desired spaci 
achieved. 
Thus: If Register #10 equals 00h then the 


If Register #10 equals OLh then the 
If Register #10 equals 02h then the 


IO 


er 


q 
RETRACE 


AHMODIFIED 
H DISPLAY 


AMODIFIED 
H DISPLAY 


A 
CHANGE 
SETTINGS 


Wupaty “isi, “e:ornst ro-lwlverd™= cbity: “ae 


er $710: 
is changed at each interr 
Nig-fouty si nitve rir uip tus. omiaiy “be 


interrupt occurs every line. 
interrupt occurs every other line. 
interrupt occurs every third line. 


OSS EXE RONAN ER Re Pets 


The external interrupt is generated by a 
peripheral device (gun, modem) and stops the 4H, 
counter’ for later exeminat.fon’ by “the. (OP ey: 


- 
r 


HL INPUT PIN 4, «. 


a 
INTERRUPT HAPPEN(COUNTER RATCHED) 
ions of this manual for 
H, V counter and the 
external interrupt. 


§4 VDP PORT 


V-DiP> ipo rst«s, arse’ at: .l-0-c7a tston 


e 
oO memory space. 


_UPPER BYTE LOWER BYTE 


DATA PORT 


C.0:N:T R:O.L: PORT 


HV COUNTER 


$C00000 


$CO00002 


$CO0O0004 


$CO00006 


$C00008 


SCOOOOA PRO TT BL TED 


IZ 


68000 


in 


the 


OPS COSOO 0202 ED AEIAEE PORT: 


READ/WRITE: VRAM, VSRAM, CRAM 


$CQ0000 


READ “STATUS 


$CO0O0004 


PAL---++-- 


US 


ry 
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( DIS~ D8 ) 


REGISTER 


( DI5~ D8 ) 


( D7 ~ DO) 


E 


> WRITE FIFO EMPTY 
> WRITE PIFO FULL 


: V interrupt happened. 
>: Sprites overflow occurred,too many ia one line. 


Over 17 in 32 cell pode. 
Over 21 in 40 cell node. 


: Collision happened between non-zero pixels 


in two sprites. 


: Odd frame in interlace node. 
: Even frane in interlace node. 
: During V blanking 

: During # blanking 


: DMA BUSY 


: PAL MODE 


NTSC HODE 


* You 


( DIS~ 


( 07 ~ 


x“ $c00004 and $C00006 are functionally equivalent. 


RS4~RS0O 

D7~DO 
YOu; “Miuss*t:. AWs-e. sawoo.r id 
VDP ports when Se 


Long word access 
8:¢: Ce ss e's, wed stoh. Dorr 


>: ADDRE 


ACCESS MODE | cos 


VRAM WRITE | 6) 
CRAM WRITE | O 
VSRAM WRITE | O 
VRAM READ | 0) 


CRAM READ | O 


word 
these 


Must use 
pier. fo rm: i ng 
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Register No. 
Data 


or long word 
t tok ngs =the 


acces 
registers. 


{<s° (6 q-Wli-wia Telnet: “to 
= Dl 6) Ow'r dott ein ff rst. 
DO). Oo ra 
( D15~ 
( D7 ~ 
( DIS~ 
( D7 ~ 
ID CODE 
DESTINATION RAM 
cD4 | C03 | CD2 | Cbi | cdo | 
Eee 
Pe eereeuke 
| 
RIL eStoes 
| 
| oe ee ® | fe) | fe) | ¢) 
Lo jo] o| 


o'r lcone word 
Op era. t a o-n. Ss: 


when 


D8 ) 


DO ) 


Ss to 


two 


D3 ) 


DO ) 


D8 ) 


DO ) 


the 


word 


ADDRESS 


OFPSTC0050028 SCHEME 


CO: GENTE RYE 


NON INTERLACE MODE 


scoooos [ie [rw [es [we [ve [mlm [re] nee wy 
es [er [ace [os [oe Tow [oe [te] co = 

INTERLACE MODE 
| sbooooe fifa [rs rw [ae [ewe] cee 
es [er [oe [os ee Tom [ae [aw] con = 


H COUNTER 


HC8~HC1 
CO so V¥ COUNTER 


VC8~V 


Pe me 


LSB 


VRAM ADDR %XXX0_0000_0000_0000 


only on $2000 bute 
B BASE ADDRE ans ; 


bounties 
LSB 


TET 
KSB 
REG. #5 | o [ans ATI4| ATI3 | aTi2 aria | arto | ats | 


AT9 should be 0 in #40 cell node 
VRAM ADDR SXXXX_XXX0_0000_0000 (3 2ce11) 


only on $900 byte 
VRAM ADDR SXXXX_XX00_0000_0000 (40ce11) only on $400 bute 
KSB 


LSB 


N LOR 


LSB 


REG. #7 fe) O ceri | cPTO cots | cot. | cout | COLO 


MSB 


LS 
REG. £10] RIT7] HITG| RITS | HITS | HIT3 | HITZ iti | HITO 


This register makes H interrupt timing by nunbder of laster. 
H interrupt is enabled by J&=1 
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HSB 


is LSB 


ITE 2-+++++ 1: Enable external interrupt (68000LEVEL2) 
O: Disable external interrupt 
,, o& See INTERRUPT and SYSTEM 1/0 ie Bye oe 
VSCR: V scroll node HSCR, LSCR: H scroll sode 


| | 


VSCR FUNCTION 


fe) FULL SCROLL 


1 EACH 2CELL SCROLL 


a EACH ILINE SCROLL 


* BOTH SCROLL A and B 


Q MODE SB ROE GS TBR NiO 4 
MS8 LS3 
| 
RiksGe #elc] i | usa | uses 

RSO----++ O: HORIZONTAL 32 CELL KODE 
1s 77] 40 7 

RSil--+--+ O: HORIZONTAL 32 CELL KODE as 
Ass 77, 40 7 


*® You should set sane No. in RSO,RS1. 
32cel11 0000_Xxx0 
4O0cel1 = 1000_XXxX1 
S/YTE---+ 1: Enable SHADOW and HILIGHT. 
O: Disabie a7] 
LeSoMiis, (b S2M 02 Ment er-liae:e. “moerdie se t tei-n-2e 


LSH1 |} LSKO FOUN CT I-OON 


REG. #13 0 fe) ASIS | AS14 |} 8Si3 asi2] asit HS10 | HW 
YRAM ADDR AXXXX_XX00_0000_0000 . on ‘| on $ 
4S3 LS3 


vce ssf] o [eles )o]ele 


I 


EF 


Th & TSO SOst er oon tPols- Dies run h er of 
increment “diait ia: 


HSB LSB 


REG. #15 | ING7 J. INCE janes | xcs | INC3 | INC2 | INCI | 1¥Cc0 


INC7~O: Bias number (0~$?F) 
This number is added automatically after ram access. 


ROt Sia ey AB 3 

: MSB LSB 

REG. #16 he | 0) VSZ1] ¥S20} 0 | 0 | aszi | aszo 
WéSi2ity. O02 VeSul- Ze HS A) 0s NS ge 


FUNCTION 


Fi OS 2eeser To) 


PROHIBITED 


KH L28c¢e1 1 


fe) | O | waes | wees WH 


RIGT-:--+ OO: Window is in left side froa base point. 
1: Window is in right side from base point. 
WHP5~-+1 Base pointer O=Left side 
l=lcell right 
2 wee 


DOWN---- QO: Window is in upper side fron base point. 
1: Window is in lower side from base point. 
WVP4~0 Base pointer O=Upper side 
l=lcell dove 
2--- 


W 
MS8 LSB 


MS ieee ee ‘+ LSB 


fies 


REG. #20 | L615] G14 | Le13| ueiz| tei | uei0] tes | ces 


LG15~0: DMA LENGTH COUNTER 


om) ae. RESS W 
r KSB LSB 


REG. #21 | SA8 | SA7 | SAG | SA5 | SA4 | SA3 | SA2 | SAI 


LR DoREE ? 
MSB "LSB 
RiE- GS #722 SAIS | SAL4 | SAi3 |} SA12] SALL | SA10 | Sag 
MA IR CE DDRESS HI 
MS3 LSB 


REG. #23 | DMD! | DODO | SA22 | SA21 | SA20 SA18 | SAL7 


SAZer i: DMA SOURCE ADDRESS 
DMD1, 0: DMA MODE 


puot | oyao | FUNCTION | 


| O §A23|MEMORY TO VRAM| 
{ 
<n 


| 1 | O | VRAM PSbaG 
| 


1 | 1 | VRAM C-OFP-¥ 
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§6 ACCESS VDP RAM 


You can access VRAM CRAM and VSRAM after 
wool tsionvg -3-2-b i t's “orf C-ornt-r-o Tl sd‘e-t’a. “tie $°C'0:0:0:0 4 “er 
$COOOOE. fe ot 

You have to use word or long word when 
addressing. Pte WOU Nee Pons Word DS api 8 ie fet 
Del Se~ Di 0) = 2 neds 


Al2 Al0 | Ag | A8 ( DIS~ D8 ) 


All 
A4 A3 A2 Al | AQ 


(07 ~ DO) 


( DLI5~ D8 ) 


( DT ~ DO ) 


DO 2 ID CODE 
) DESTINATION RAM ADDRESS 


| 
VSRAM WRITE 


VRAM READ 


CRAM READ 


Zt 


t 


VRAM <AG.Ges se ed¢Pes sing: eae fo Pasow wien 


OUV RAMA CCE S'S 20 


VRAM address range from 0O to OFFFFH, 64K bytes 


otal. 


writing: 


On 


Ae > wy 


~~ O M-ct 


. ( DI5~ D8 


( D7 ~ DO 


D8 


DO 


A1l5~AO ; VRAM address 


D8 


DO 


Wien yous ise. One. word: OD Die. ave Ive ee ay 
n.d: When you do byte writing, data is 

f~0D 0, and may be written to S$¢C00000 or sco 000T. 
VRAM address is inereaséd by the vetltwe Fa 
E-GalS'T ER Fal $,.° ie nd*e-pe n-avein tt. ‘dia ta <ett¢z ee. Vo REAGM ddress 
OS Weed stn tive “Caloeul eat ton. “of ths ae d-direcs 3 

nic: keene nti brut hes ignored during address 

@ COed: ine. 
VR oN: a Cth tre S Sienee” (Sue ee Cod ihe Be as) Of orl oewies 
he VRAM adress decode uses AL5~Al, and AO 
PYexC-isf-L-e'S* -2tihse: -d’altea’ “wireis tee: <f-o-r tant Write data 
RROD Cross £2 word Boundary, high end “iow “bytes 
Re: epee: Avasnvecerd. 1Tls “A: O7= 1. 

RB Hg 
AOQ=0 E 


ADDRESS: EVEN 
000 


EVEN 
ODD 


(EXAMPLE) 
START ADDRESS: O REG. #15=2 


WORD LONG WORD 
ADDRESS : O lst -DIS~08 lst D31~D24 
1 D7~ DO D23~D16 
2 lst  DI5~D8 
3 07~D0 
4 D31~D24 
: 5 D23~D16 
6 2nd D15~08 
7 D7~ D0 
8 DI5~ D8 Brd D31~024 
9 D7~ D0 D23~D16 


Sar ACR. 2A, Di DUR BL S:S20 REG. #15= 1) 


BUYS bak WORD LONG WORD 


ADDRESS: O | 2nd D7~ DO 
1 DIS~ D8 
2 | 4th D7~ DO | 
3 Dis~ D8 | 
4 6th D7~ DO 
5 DIS~ D8 
6 D7~D0 
7 D1S~D8 
8 dth od7~0d0 1Oth dD7~0D0 D7~ D0 
9 th 07~ D0 DIS~D8 DIS~D8 


23 


START ADDRESS: 1 


ADDRESS: 


START 


ADDRESS: 


BYTE 


ADDRESS: 1 


BYTE 


lst - D7~0D0 
DI5~ D8 


D7~ D0 
DI5~ D8 


RUB Ge cae Ls <1) 


24 


WORD 


LONG WORD 


lst 


1st 


and 


ord 


D23~D16 
D31~D24 


D23~D16 
D3i~D24 


D239~D16 
D31~D24 


D23~0D16 
D3l~D24 


D23~D16 
D31~D24 


LONG WORD 


D23~Dié 
D3i~D24 


D23~D16 
D3l~D24 


Me be 


roe 


rs Wrro + 


0) 


eC ores 
woPYPoOo Oo 
3MmMoaon"n 


ono lon 


x HQHre AY 


nd’ 


co 
A. ~ 
Gc 


40 
fo PID 


is 
ret 


A. ct 


always 


né 


ds 


Al5~A0O 


D15~D0 


read 


the read; 


ar 
AO 
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i 
no 


e from 
17S) “Us e.d) in 


VRAM ADDRESS 


VRAM DATA 


MN Weoer Gd: won dts. 


Swap of byt 


address ine 
Cian) eruclra 


c 


cr 


The CRAM contains 128 bytes, adresses 0 to 


POD Word wide Writes “te the (ORAM tees 


( DIS~ D8 ) 


( D7 ~ DO ) 


D8 ) 
DO ) 
A6~AO 2 CRAM ADDRESS 
DeAvIvA 
$cQ0d0d000 
D15~DO are valid when we use word for dat 
Lf tohse- wr oivté-s*-a re boystie (wiivdee, w'rli-t<e “the ni eh 
£6 <S*€ 0: 0:0'0:0O sand othe L5orw! “bey tie- tom <S.6.0"0:0. O71: 
Ao Oe. Word wid © “ao-c1e s:s: i's ecutive lent 4.6 
sequential word wide accesses. Place the 
data in DS1-D16, and the-second data in Dil 
The data may be wr iit tven Se q.u-en-t-ive tly: the 
address is incremented by the value of RE 
iS). ak stuerr very write, independent of whet 
thes “wolid- toh dos) “pe yntve: sor. “worn: 
NoO-tve: st Rtasti oA.0 ins; usted. Aim tine Wace clement: “poy 
im. saididin 6{s°s -.d.escord i ng, mse; siusk tePin e “ion “so mse 
in toel r-ers*t-i ne «Ss:in,dve—e trf ec tis, Gat wires ib ere: <acn'6 
tte mp. -t.exdi “at cowdzd addresses 
EOtr WO red wiisd’e. oriesard-s= firsoumy “thse: sCReAM. ai-g.e> 
Les t 
$cOoO0004 D8 ) 
DO ) 
2nd 
$cooodod4 D8 ) 
DO ) 
Data 
$:°G:0:070°:0' 0 D8 ) 


DO ) 


ct @ 


ct 


The VSRAM contains 80 bytes, addresses 0 to 4FH. 
For word wide writes to the VSRAM, use: 


lst 
$:¢-0°0' 00:4 ( DL5~ D8 ) 


( D7 ~ DO) 


2.ned 
$q¢00004 


A6B~AO : VSRAM Address 


| vsi0 | VS3 | VS8 | ( DI5~ D8 ) 


VS7 | VSé | VS5 | VS4 | VS3 | VS2 | YS1 | VSO | ( D7 ~ DO ) 


VSO VSO.) S°V Cativaonttai ty orf’ “svecrol 


_— 


+ 


If, “yoru “urs*e, “wiocrsd: :foorn * idvastvay saincd: -iviarivicd> cms Des: = p.e 
DI15~DO are valid when we use word for data set 
LE ee. Wr tes aire: by ee: wd a By. ww tes Gish a: he Se hy OB vee 
tor -$.C-0-0:0°0:0 “anid * the eoowisbayttve.- “t20" “SiC6/070. 0912 

A:s loovnsg = -wrorr'd = Weide» “asc-e-ers-S. is. S6latciovi alee nt thes two 
sequential word wide accesses. Prk escce. Athhtes*-fsice rst 
dia tea) on D351 = D:1.6, acsmd- -tih.e ‘s.e clornd. .d: altve:— ion “D-rs: =D 
Tier 2d-aotvel may be “written. (sie quent fia ibys oho 
ad d'rveisis: <ius- lun-err*e-mee-n:tie @ “by: -tthee: -vwiedl“we “o£ “REGISTER 
#15 after every write, independent of whether 
tense. weld. ten “ies: by tite coer ewe: rds 

N-Ost-e. tehat.. A‘O» “ies ws-e-d Dn the inieremenit. bart - snort 
in’ vacd-dsrévss..-d-excvo.d ine; ness ue tin e--ivn. Sstoumre 
inst e-riers tei ne) (side ef fee tis: 4) -wirsictvets? Cacre 
attempted et odd -a:ddor'e s’s:.e's:. 

F-o.r word wide: reva.d-s: from thie: -V°S°RIAM: tse 


( DLIS~ DB ) 
( 07 ~ DO ) 


Sone VS 10e7VSO0 ¢YV Yotantite of fered 


aQArnae 


<M te 


MO WM ct ot HM ct 


+7 oO YP 


d 
a 


CPU and VDP 
timesharineg. 
the active 
However, 
access th 
mber of pe 
nally -d'epe 
el1 -<m-o-:de -o 
ess 
is 


er OO 
3 ct 5 09 


[oo ms m= ie i tos 


S-i0Z €.--d 
byte wi 


Ye OWA ANH TK EH + 


pier © © |) 


ACTIVE SCAN CYCLE 


H RETRACE 
| CYCLE | 


PS 


VY BLANKING CYCLE 
H RETRACE 
CYCLE 


access VRAM, CRAM 


Because th 

scan, the CP 
dur ioag vert 
e VDP contin 
rmitted acce 
nds on wheth 
ro 40 “cell mo 
epends on th 
de, but. CRAM 


H DISPLAY CYCLE 


H DISPLAY CYCLE 


e V 
Ui ia 
cred 
uou 
sse 
er 

de. 
es > 
and 


>< 1S CAN 
HES 2'C- Es buls, 1 
B450°C:E Lik, 22 
BOLT, Serx emi psle;. Slen® “S02. cxe-1 Sls om fondex 
he VRAM 16 times during hori 
ingle line. Eee: nh <acecie ss: 4s: Va 
hei Si -Aim-orwen t°S< 2t. 0° <8. @wodcrdis: H e 
hough sharing the WO. Som ee ait 
CiC.e'S Snes 2S) 0. that 16 words may 
ingle TPeio-n.-é. 
A l-tshvo ww eh ether é.. «ls. va our-wor 
re done ene tas tide nest L-o-0"ps “dower 2 
TPO wat Pope sip cand) thse. oCep 
Neds “up “wlacd tne tos. werd toe: 
he maximum wait times are 
DISPLAY MODE MAXIMUM WAITING 
APPROXIMATE 
H4O0cell APPROXIMATE 
ASS) .°t-hee) .CeP U. heacs) ain tomisted <a-e:c 
urine Voeor teive a) ob Tracnk inne, Cth se 
Pr iss-exs' : 
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6 7T! 
0.5:TI 
the 
zon 
by 
ver 
Mit, 
be 
d F 
ng 
wi 
ess 


wai 


DP is very 
ccesses ar 
-blanking 
sly. 

6. sbuy thee. CS 
the screen 
Additiona 
AM type;a 
VSRAM are 


H RETRACE 
CYCLE 


and VSRAM 


busy 
e 
the 


PU 
is 
Lasy 
VRAM 
worded 


>< 
Mz§ 
MES 
CPU may a 
tal scan. i 
bie. “wereld te. is 
CRAM and 
are word 
written i 
Pa Oi cit. Awer a 
Bert ave: sea 
Lod eventua 
to the RAMs 


t case nev 


est 


T 
° 
e 
Ss 
is 
r 


co ct ee ct FY 


he HV 
ReieZ.ornct 
Ley siost 
set, t 
igger 
ing ge ri 


counter" -s 
al and 
on beam. 
he HV counter 
signal HL goes 
ngives jAcew'e:b© 72° int 


M3 | COUNTER LATCH MODE 


| 


0) | COUNTER IS NOT LATCHED BY TRIGGER SIGHAL 
1 | COUNTER IS LATCHED BY TRIGGER SIGHAL 
M3: REGISTER#0O 


NON INTERLACE MODE 


C 0:00:08 VC7. | VCé | YCS | ved | VC3 | Yc2 | Ci | VCO | ( 


| nC8 | HCT7 | HCS | FCS | AC4 | C3 | HC2 | ECL 


INTERLAC 


cy 


cCo0008 


HC3 HC2 | BCi 
1 


Vi='€ OvUL Nt Bek VCT7T~VCO sh ©: O'U-N' TER 


COUNTER DATA 


DISPLAY Hope | DISPLAY KODE 


32 CELL 


40 Cell 


hee. “eon trerr® -o-nvl-y’ hoes. <erien-t- obi tes; e¢ @¢ 
su0) - isnrtpe re” 1c’ ee. -meordve a@cn: d?- <4..0. <cre. a (Gar220 

e-sxern=t- ‘sio.m-é. “perso 1b: 1-enm.s:. DU riinie inter 2 
ey “LSB sooth ctohve! eur -t2ivesarl *“puoxzssit-tit-oin? sis 

e new MSB. Aund=«-tyhve. shee rd zion- tia.) (revise 
oblem is solved by ALWAYS dropping 
UTION: 

s the “HV ‘counter’ s value’ is “not wa 
eitelc-acl . ib ltacn k done) cen -e' ek. -ts0) “pbte- shure. St 
tive ‘scan betore using the value. 
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( DIS~ 


(07 ~ 


D8 ) 


DO ) 


D8 ) 


DO ) 


HC:8'~. EC 1 


for H and 
t) modes 
e mode, 
pilsetc ‘ends: “b-y 
t-1 orn 

he. LSB: 

dd ur iene 
t rt is 


§ 7 


DMA (Direct 
f4oTr: --m 


texc hen i: au 


e 


and VSRAM. 


he 
ion 
modes of 


FEOHn0Of 
ron 


wn 'd 

© o © 
re) 
n 
oO 


YW 


OUP ce &#H 
oz 

oO} aw MO 
© MS 0F 


° 


n 


fe) MO Fh 8 et 
3 UO OF 


mx 


D 


a 


ri 


O 
< 


fe) 
r 
Ss 
F 
A 
fe) 
d 


Mem 


TES ail 8 


fastest 
Acce 


- ord O 


DMA 


ro 3 30 
+t IN 


hme ct £ Cp 
SA Over 


cr 
Hor < 
r+ QO hy W ct 


DMA TRANSFER 


ory “Ac ce(s6:) is a high speed 
emory accesses to the VRAM, CRAM 
ng DMA VRAM, CRAM and VSRAM occur 
Possible rate(please see the 

ss Timing).- There are three 
cess, @S can be seen below, all of 
ne to VRAM or CRAM or VSRAM. The 
during memory to VRAMSCRAM/V SRAM 
countinues to run as long as it 
t access to the 68K memory spé@ee. 
te fast during VBLANK, about 

test possible 68K loop’s speed, 
vee sS:C-an “tun-e. sip -eve'd,. ifs “thse. (seam e. ‘arcs 
at ~a-f-ter “th ics: spo nit; VRACM isi us ecd 
rm for VRAM/YCRAM/SVSRAM 

MODE 

are SOOQOOQOO0O0O-S3FFFFF (ROM) and 
(RAM) for memory to VRAM 

he case of ROM to VRAM transfers, 
ure cause OC Cra Syl.0 Tait Tee Tue Pye. 4055 
fo. 1 lowing t-wid: sco mest ons “ars 

1Ocn;' avd' dur: evs-s* “wor'i-tee: (tao. saud-dirvécs:s 

t.” “bre “ea “wrour-d™ -wersiot se 

ite must use the work RAM 

O. “Wee Vis =t0" “8-C corm pits hb 

ge the DMA program into RAM or by 
Y AMOS V8. OW or aim. Send. d revs ys: SeCOu010 idea 
RAM.2O 

ransfers data from 68K memory to 
RAM. During thics DMA allh 698K 

Ss. The source @ddreées¢g ics 

for ROM or S$FFOOOO-SFFFFFF for 
ads are word wide, writes are 
RAM and word wide for CRAM and 
imation “is ‘specifed by: 


Setting of DMA 


q (A) Ml CRE Gio Heb) Sat. DMA ENABLE 
d (B) Increment No. Set C6: 21S (ro rm se tiy- 2) 
(Cc) Transfer word No. So600- Tan) tio algo 2° 2x0), 
(D) Source address and DMA mode set into 721, 
#22, #228.-. 
(E) Set the destination address 
(F) *VDP gets the CPU bus 
(G) *DMA start. 
(H) ®*VDP releases the CPU pus. 
hp Mi heave to be 0 Sitter contirhation of “DWA 
ie ‘ fo Pant’ igrh DMA DISENABLE 
DMA starts after (E) 
2 OO “RUS t eXeet Mls Om yy  darriolne: spew otherwise we 
cannot quarantee the operation. Sourace address 
were increased with +2 cand destination address 
I-nicer ea s.é:d- with “content. of reve is'tary Toh. 
Gorn - tien ty © <o7f- ‘rvé-e i-'st esr. Register #1 has another 
boi ts. 
REG. #15 | Iyer | INC6 | INCS rcs | 13 | INC2 I¥ct | 1NC0 | 
TIN 'Gs ira sloNE CHO <2 Ni0.2: 4Onf£ inerement 
REG. #1 
#19 | LG7 LG6 | LGS LG4 | LG3 LG2 LGl LGéc 
#20 | va15 | L614 | Lor | Lei2 | Lait | isi0| L693 | LG8 | 
! 
#21 | SA8 SAT SA6 S$A5 | SA4 SA3 | SA2 SAl 
| | 
#22 | SAG | SAL5 sald sAi3 | SAl2 | sat1 | sao | SAS | 
cere Mh | saza | saz2 sazi | sa20| sais | sais SALT 
( DI5~ D8 ) 
( D7 ~ DO ) 
( DI5~ D8 ) 


| DAIS | Daud COT ~ B66) 


B-Gy dost Le GeO 3: No. of move word 

S:A.2°3°=S'A1 Source address (in 68000) 
DAIS~DAO : Destination address (in VDP) 
C.D: 2:~:C-D'.O RAM selection 


3| 


m 


| eae! Gas ER) e 
VRAM address. F 
H 


“EOUVUMHE 
G>ct OrEw Fre Dr 


ry 
o 
oq 
~. 
n e 
0c ctscto a 
Yer op 


es) 
@ 
oq 
os 
(0) 
ct 


w 
S 
e 
tH: 
= 


STATUS 


Orde: fil lhevs 
I 
ee.t -F Tit 
(REG. #1) = 
cor-eme nit: <N 
ile ste zie s 
A mode se 
St-isn at tom 
A start 
=O after c 
MA DISENAB 
@urt:S> ayt.. taut 
hide be ky Vien 
quaerantee 
tion addre 
Po Fel 5% VDP 
CPU. ce"a in’ no 
and statu 
bekot: ane site 


err sie tt. ib nie: 


i 


oto 
& 
17) 


th 
{ocr 


"WOAH 
%aQ 02NnO 


Regi 


Same data fr 


only VRAM. 


be 
MA transfer 
CeP.8Ee 20 A 
incremented 
not asks bus 
Ss VDP witho 
can realize 
SS t.e°r. 
Sueur Fed Chve..s sa: 


TF o> OT) OT 
5 | 1¥e7 | 1¥C6 | N05 | 1NC6 | 1N¢3 | 1Nc2 | 1¥e1 | 10 | 


INC F?~INCO 


Incremen 


Se. 


Ls 
Not 


C | op | VB | HB | DMA | PAL 


DMA BUSY 
care 


om free 


e 


ven 


REG. 


#1 O | DISP 


#19 |LG7 | L6é | LES | Le4 | LG3 | Le2 | Ler | Leo 


20 | Leis | LGL4 | L613 Lg12 | Le11/ Le10 | es | LG8 


+t 


Di5~ D8 ) 
D7 ~ DO ) 
DiS~ D8 ) 
D7 ~ DO ) 
$CQ0Q000} FDI5 ( DIS~ D8 ) 
| ( D7 ~ Do ) 
LG15~LGO FILL byte No. 
DAL5~DAO Dest t net ion saAvddor ees 
FDIL5~FDO FQPDL. “date 
When setting Ist and 2nd by long word, lst 
bre. De Sis= DAG, atnuds “ 2ends oD 5’ =)G 


33 


EXAMPLE 


12 TR RMS See ib b ae. oe re wor gs Ke sg ig t 6 tt Sit 


a. V-RAM 


CA) First. low side of FILL ‘data are wr tt ten 
in V-RAM address. 
(B) Second, upper side of FILL data are 
written in V-RAM#1. . 
er) And V-RAM address is added register 
#15 Wirel, tt t-6-n: “Upper .-shivd’e Fob. sdastea  “ien 
P VisRAM: act) om.e:c. 0 ea-cuh Ss“tie vp. 
b V-RAM address is odd 
GD») bolor sty. “usp ip e-r) svisde. “of FI Lilb-<.d/a-tea: ~ acove 
written in V-RAM addresss5s-l. 
(E) S-e.c on ft, -Low. ssvicdie.:o-f FL) -diatea “acre 
written in V-RAM 
(F) Same as (C) 
VRAM is “even: *: -VRAM address is odd; 
ADD JEven 
ADDt+I1 Odd 
ADD+2 
ADD+3 
ADD+4 
ADD+5 
ADD+6 
ADD+7 
*K YoU oMmus:t rewrite: data (CG) Dnteos~ AsDeDet ef: tecr 
wer dite oda t-a CB yi. 


address is even. 
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2. TERM: FELL =O 2 teat 8 Wor gre ri st é.r $31 5s 2 


-VRAM address=even -VRAM -address=odd 
ADD ADD-1| (upper | Even 
ADD+1 ADD | lover | Oda 
ADD+2 apbD+i{ 
ADD+3 ADD+2| — (Flupper | 
ADD+4 ADD+3 lower 

ADD+6 ADD+5 

ADD+7 ADD+6 (F)upper 


ag! lower | 


9. "ThE ROM: FP TEL. -dvactea. Jarre. “bry te. 


a. V-RAM address is even. 
(A) = (B) =(C) =BYTE+DATA 
b. V-RAM address is odd. 


CD) =-(8) 


BY, TED ATA 


CEQ 
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DATA65 


DATAT | 


hie “e-a‘se. -o ff NV RAIM: (GOP ’Y, AE « 


6. a td 
tone 

d, the 
CHteleys 


VRAM’” are 


transfer 
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i 


SOURCE AREA 


rep ea ted 


and TRAN 
b 


may not 


hh > cr O 


This function dose copy from source address to 
d-estiisnmation “address: by “nium bier ‘of “COPY ..biy tye: 
DMA setting i 
Ste oe 
(A) M2 OCRE-G. 2.1) = 1: DMA ENABLE 
(B) Number of copy bytes in #19, #20 
(Cc) Source address and DMA mode Ne 32535 
(D) Destination address set. 
(E) *DAM transfer 
(F) A fitter. Conf i6r mivne “DMA. fodonti she Me Pr S:0 
* DMA DISENABLE 
DMA starts w nm (Di). <avbio we i<s: “fusni she'd: -Acp-p ley 
Wis) conly during DMA transfer. in other ‘esses, 
of Mil Sele aS. SHESE) te Rvevrrey writs nO. qa rasa toy sb htect. sit 
wWweiolel fitknicst-ions: -c.o- r ore et by. At the time of DMA 
trans fer; the ‘des tinmetion address 5S: tncremen ted 
Boy ctethe- ‘sceuts --viatdluise, sock: -RE LG. “Fir d< During DMA 
teriacn’s fe r.: acl tho weh “the, “ViDtP® od-oreus: Teort. req aici rie “Cc. PU 
to. (me kas a. (beuts® se-watl-lsaobeise;. «no. Tavcecce: sis “i<s-' spo %stsi'b. le 
f'rcocm: (CPU) too. “Vi DeP serxeeNe:p-t- af o re PxS:G.- HV> -e¢:o un tier; 
SiTsAToUcS® -RUBrAD: DMA -tireams fer (fin t-stn.. cen> bre 
Peco eB nized; ay Pe fe-rircione <t-07, the. iS RA uss 
REGISTER’ s DMA Dit. 
Exemoile With TRANSFE2 BYTE=3 at the time of VRAM COPY 
REG#15=1 RE Gs 1:5°= 2 
SOURCE ADDRESS DESTINATION ADRESS DESATINATION ADDRESS 
. | ; 
| DATAL | DATA! | 
! 
' \ 
pparae | | | 
DATA3 DATA2 
DATA® 


REGI 
bits 
pay 


REG. 


STA 


REG. 


STER 
set 
caref 


are 
for 
td: 


as follow 
Purposes 
atten t f-on 


Ss. REG 
Ot her 
Lene tone 


ESTER 32 tensed weders 
than DMA. Therefore, 
S regard. 


#15 | IHC7] INCE | INCS rHce | TNC3 | INC2) INC1 | INCO 


TUS 


+ 


tt 


tt 


tk 


2) 


tt 


SAT | SA6 


INCT~INC 


DMA : 1s 


| belle Te Te] 


19 ; LG7 | LG6 | LGS | LG4 | LG3 


ca 


3 
ow 
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O- =: In 


Num 
5.6.4 
Des 


2nd by 


crement. No. 


LG2 | LGL | LGC 


| 
SA4 | SA3 | SA2 | SAl | SAC 


22 | SA15 | sats | sais | S412 | sat SA10 | SAS | SA8 | 


( DI5~ D8 ) 


( D7 ~ DO) 


( DIS~ D8 ) 

( D7 ~ DO ) 
b-eur” | 0-f) “esoapLy” sbvy tie 
Eo Ge» -a'dcd-r'ecs:-s 


tC imet don avd-drecs:s 


LOE “word (Alasit: —weieled 


OSSD MASET RA NS FER ECAP AC IETAYO 


Transfer quantity varies depending on the 
DinsSxPLAY MODE. ass f.o.l-] ows: 
v ress Cc ye 
DISPLAY. _ SCREEN SCANNING TRANSFER BETES 
H32CELL | DURING EFFECTIVE SCREEN 
MEMORY DURING Y BLANK 
TO VRAM H40CELL EFFECTIVE SCREEN 1 tes 
Y fe) 
R32CELL SCREEN 
VRAM —PosbL-b 
H40CELL DURING EFFECTIVE SCREEN 17 tes 
DURING V BLANS 4 
VRAM COPY 
H40CELL DURING EFFECTIVE SCREEN 9Bytes 
DURING V BLANK 
In the MEMORY TO VRAM, in the case where CRAM 
and VSRAM are the desstinations, number of word 
Cnet -byt-e)ias ho wid a ppl y. One line during V BLAN 
acl dosw Ss) §fo0-n* dia ta. ‘tervain: s:fe1r “tO. “azlol) (tihve: Ga d:direcs-s- Got 
CRAM and VSRAM 
Niovt-.e. “tart. .“wohre nn, sacral cule iene; - ht.es tartans #" oor 
quantity im one screeén (L600 ‘siec) ver ives 
d-e7pv'e nd ivnse (orn. -tehse* -—nourm; bve rn. of “Eel N BS. dourr fone Ve ABA 
(refer to DISPLAY MODE) in the case of NTSC 
CVieIVd-6:0.° -suiv genial), and. -PCACE.. “s4ycst-eims: 
DISPLAY KODE | 
V2eECcELL (NTSC) | 36 
V28cELl (PAL) | &7 | 
VS3OCELL (PAL) | Geil | 
Where REGISTER Fl DI LS PiH=00 ye 8s); when on-screen 
dit sypvla- ye) @i si eno. t: mvardce;. rien CTRoAN'S EER Uqcusaone ted ty iss 
tehie: ~scarmie- asais. “TeR: AWN S7R ESR) eBoy Tsk SS “BMESR LSD NE? edutaer: ine 
BLANKING. 
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§8 SCROLLING SCREEN 


There are two different scroll ge 
and B which separately can scroll 
and: hors Zioen-t ally 2o-n - “a: -biavstivs: (o:-£9 -a 6 
Wen Aiet: Ln “the -heo r-ioz:o netsa ld ree tion. 
Ove rial) “or: :b a:sve'd':o:.n sa cone cect “wai 
unit can bewaselected, and in the ve 

direction ,.-scroliline overall sor’ 2 
unit can be selected. Also, *Hhe scr 
size can be changed on a barsi-s “of 
UMeis tt. 

C SCROLL SC. REEN 

| | 

| EFFECTIVE DISPLAY ! 

| SCREEN | 
| | 

| | 

Or CDS: 8 6 Pol bt ag) “Sie Piece A od sp dey; 
REGISTER setting and VRAM ere ere 
OU S$ CR OR aE OSs N_ NAME TABLE 


REG. #2 @) | ) | sais | Sal‘ | 5413 | fe) | 6) | fe) 


Oe 5S’G- REQ Laos oe 


Ww 


REG. #4 
QO. MOD 2 
REG. ad 


y PATTERN NAME TABLE BA 


Ouch SOR OLS 


Ls41 | LSHO | RSI 


DAT UAW TA Bil Bo UB ALS Bs ALDED ReE: S'S 


REG. #13 fe) fe) | HS15 HS14 | AS13 asi | RSI] aS10 | 


gE 


REG. #16 0) | fe) | VSZ1 |} ¥SZ0 | fe) fe) | asz1 | #sz0 | 


SCROLL"A” PATTERN NAME TABLE max 8s 
SCROLL"B” PATTERN NAME TABLE maxs 
H SCROLL DATA TABLE maxg 
VY SCROLL DATA TABLE. max8g 
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P0726 NHS js da es A 

vert ijcal ly 

ne a one dot 

Sc rool) ng 

C .O.r ‘one! T-icnse 
rot. f-ca-l 

Ne ces Cw ech er | 

oll screen 

Bei eadu2en revert 


the following 
required. 


OByte 


The screen siz Cin) Ves BEL thy VS2t. MS: 20,7 So i. 
and HSZO (REG. #1 The following 6 kinds can be 
Seo ty = brovtoh: fiorr= . -Skc EN A and BB. 


SCROLL. SCREEN 's “PATTERN: NAME TAREE ADDRESS 
exits in the VRAM and is designated by REGSTER 
#2 and #4. Depending VRAM and SCROLL screen 
CO Tr rie sipvond. “tio -e°avc.n:- \Ovt hve odiivt fer eonvtr ly 
EXAMPLE 

REG. £16=0°0 4H: 32* 32cell 
0 1 30° 31 


3 2cell ———_——_ 

0 0000 | 0002 | ~ 003¢ 003e | 
| | | 

i 0040 0042 | 007¢ | one | 


3 2cell 


Q7ic]} O7fe 


l O0fc | O0fe 


6 4cell 


62 1f7c | 1fTe 


40 


REG. #16=03H : 32*128cell 


12 8cell 


lffc} Iffe 


A Value shown in a frame indicates 
offset from the PATTERN NAME TABLE 
BASE ADDRESS. 


The. Dl S:Peb AY <S:GR EEN, sab ows: “fo.r’- s c'rsocl liane 
Overr a ll. o-r “brats.ed- sosn Comnse: «che. | enedsty voor te-“n- “asm: dvo-t 
bey dio ty “bsavs<ics: sin. tome. Ti-n-e. unit: Boivtun-e:r ““oense-) orf th 
e above: ‘scr oc] bing “cein be selected by “HSC:R. and L 
SCR (REGSTERS 1.1). A S*e.t. tol nye” cacpep. dh ecirs) tio Sblost hn 
SCROLL) sierveem -A  e@inid -B. 


Ins: “esq ive ernst - to 


Standard, the 
1b O'w.se 


DISPLAY SCREEN 


i 


MOVING 
goes SDPRECTION =" > 


— SCROLL + 
QUANTITY 


Ho ricgioinst<a lily ‘s¢rioliitine -qutain tity setting -a. rea 
H: iSse-rvo/ Pb. “DAT A SAB & ees fin OV ReAM: From the base 
address which was set by REG. 13, 

Sie:t. threy -siero lil ine) cae usaiart ity” cot “SCREEN: A. Cand’ <B. 
alternately. Acles;0,, iti nie, isierr-o: Losi ng) cq ran tuict-y dia tia 
setting position wartes dependninge on thee 
following Be ee ge Cele ‘orr 1. * ine. 
MODE Ry ks We eS Ca oy eo ae ke Gi 
OVERALL LINE 
pe Ch aa L 2 EVERY 8TH LINE STARTING FROM LINE 
T5413) 12% bie 10 9 8 vi 6 5 4 3 Zz 1 0 
00 | A-SCROLLING QUANTITY OF REE OVERALL,CELL,LINE 
02 | 8-ScRoLLING QUANTITY OF REE} OVERALL, CELL,LINE 
O04 | A:SCROLLING QUANTITY OF | LINE 
06 | B-SCROLLING QUANTITY OF SCREEN 3B | LINE 
| 
ane lcs Ree eee (ee eae Re ee ee eer eae en 
08 A-SCROLLING QUANTITY OF SCREEN A | LINE 
OA | B- SCROLLING QUANTITY OF SCREEN 2B | LINE 
| 
| 
! 
Wwe | A-SCROLLING QUANTITY OF SCREEN A | LINE 
LE | B-SCROLLING QUANTITY OF SCREES 8B | LINE 
20 lA SCROLLING QUANTITY OF SCREEN A | CELL,LINE 
Di-0 | 3 SCRGLLING QUANTITY OF SCREEN 8 CELL, LINE 
| 
3. -C “SCROLLING QUANTITY OF “oe Ry LINE 
3FE : QUANTITY REE} LINE 


Di 1-5.~'D“1i0) ~Gea-ne wore. secrve-eticy ant fb disg-e d 
r rogram software. 


rh 
fe) 
Me) 


The DISPL 
overall or 
setting ca 

app lives t 


O | OVERALL SCROLL 


| 1 | 
OE tied ‘Seer ea a ae | 


NONINTERL 


INTERLACE 


INTERLACE 


Tak 2-n- ey sth 
S.cur on) iain es 


AY SCRE 
every 
n: .dee~ dio 
Ov - Dro ten 


| 
| 


2-CELL UNIT SCROLL 


fen ey Qh enter tuys ct 
Eo wild “pb 


AGES The 


However, 
RLACE MODE. 


s 


equivalent 


et fect f-vie: «s 
t 


is @ Qui Valent 
12 =d.i t-t-0:— 
28 The effective se 
iS: (e:qew i vee tent: to 
ee <"DIsSoP LAY  -SiCRE EN “ais 
dior ere: tlio nn. wii acl. bees cas 
m——— DISPLAY SCREEN aoe 
‘ | 
| + 
- MOVING SCROLL | 
DIRECTION QUANTITY | 
| a 
V 


a 


e 


Cc 
fe) 


ro 
1 


@s shown 


1 
@) 


to 


or 
Or 


b 


cr 


1's 


Set the V SCROLL quent tty by VSRAM. 
PECermate.y set the Sere i 1 Quentity of SCREEN A 
See ree On the SCROLL MODE cone DATA goed Ae 
ositions differ. 
OVERALL ONLY AT THE BEGINNING 
. 152 4 28312 ob 10 9 8 Te OWES 15 he ocd se de bal 0 
00 | A:SCROLL QUANTITY OF SCREEN A | 0,1 CELL,OVERALL 
02 | | B: SCROLL QUANTITY OF SCREEX 3 0,1 CELL,OVERALL 
04 | | A: SCROLL QUANTITY OF SCREEN A | 2,3 CELL 
06 | | B:SCROLL QUANTITY OF SCREEN B 269 CELL 
08 | A:SCROLL QUANTITY OF SCREEN A | 4,5 CELL 
OA | | B: SCROLL QUANTITY OF SCREEN 3 | 4,5 CELL 
oc | | A:SCROLL QUANTITY OF SCREEN A | 6,7 CELL 
OE | | | B: SCROLL QUANTITY OF SCREEN 8 | 6,7 CELL 
| | 
| 
: 
4:6 | | 38,39 CELL 
4E | 38,39 CELL 
1 


44 
ena ee 


Pe “SCROLL 5 
e REG. #2 


( 

ng on 

SCREEN. corres 
tly. Rvestse-r = sto 


3 F A.a-< 


Bt: 10 


R-EV-ESRSE —BeEe gt 
Cx Ve rss e. <O-n. ' uGcE 


oil 
(eo) 


CREEN’ s 
and #4. 


~pto 
Vet -aintd 
CL wns Tt 


VRAM and 


NAME requires 


( di5~ 48 ) 


Cid? = 40.) 


ERN GENERATOR NUMBER 


Poa 

Ref ofA lowes 
DacSlixs: 

Ha 
ay 
a 

| 
MESO 
hf=1 


45 


{0-7 


E 


and -V 


OPA TIDE RIN GENE RA TIOREO 


PATTERN GENERATOR has VRAM OO000HKH as base 
dress, and a pattern is expressed on a 8x8 dot 
i Tio *d:e fine @ pattern, 32 bytes are required. 
ng. “forvesm:, -0:0.0: 06H; 5 ft Proceeds in the sequence 
BRN GENERATOR: O, 2) 25 o> -T he rel ét tone his 
splay pattern and memory is as 


moeownoep 
COnerpaA 
mh 


12345678 
aodogggcggagcg 
boooagacaa 

. cO000u0gag 
dCongoCoa 
eQo0ocoagcogago 
PrOoORUCDoOOG 
gsoo0co0ogacao 
hocoguagcaa 


is 


Det DEG. -DuSy) Dia oDs3y Dy2. / Dele -ID-0 


cot | COL2 


| 
cout | coLo | COL3 | COL2 | COLI cote | 
i ! 
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8x16 


CO ns: insets soit 


ce Te] 
Bytes (16 


one 


INTERLACE, MODE -2, 


In 
dots 


are 


long words) 


therefore, 64 


and 


required. 


12345678 
agdoogoggoa 
i yeelelalele ess! 
coo00agogn0n 
dooo0g000n 
eQo00000g00 
foooo0o00o0o 
s00o0o0goongo 
nhooo0oo0dd 
ig0o000o0dga 
joouoooodddag 
kOOCOog0g0 
1o0o0o00gcagngpg 
mOoOo00o0do 
nooo0o0d00ddo 
o00000000 
poOoo0oooooddo 


0 
oO 


Oc 


10 


18 


1C 


28 


2c 


30 


34 
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§9 WINDOW 


For WINDOW display, the following rege ls ter 
setting and VRAM areas are required. 


O_ WINDOW PATTERN NAME TABLE AND BASE ADDRESS 


REG. #3 | oO | wars | wore WD13 | WDI2] WD11] O | 


OQ MODE SET REGISTER No.4 
REG. #12 | RSO 6) | ie) | O | S/TE | SH LSHO | RSI 


CWT OW Oo eT ON 
| 1 
REG. #18 | Dow | fe) | ) | wee | wve3 | wve2 | WYPI | wi20 | 
t 


WIN W PATTERN NAME T I 4 Rs 
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OCD FS PLAY POST TITON SO 


The WINDOW DISPLAY POSITION is designated by R 
EG. $°1-7 <acn'd:  #-1;58: 
screen display cen te divided ‘on 2 wait bvecsivs 
of. Ho :2 -cievl.ds ein ds /V OL Cell]. Pine dividing position 
varies depending on resolution. 
0 1 y Aaa ae ov, Gina 34 35 36 37 38 39 
7 ee pee a See, i ee eae 
| 2 Sa ae 
| l 
eth || ae 
| | \ 
| ] | | | 
| | | | | | 
PP | | | | | | 
; | | | | | 
27 | | | | | 
| | | | | ! 
H 40 CELLS/V 28 CELLS KODE 
REG: #9 ¥aP3 | wae? | WE? | 
REG. °F 18 
RG: FE O Displays WINDO® from the lefted to H dividing position. 
1 Displays WINDOW from the G dividing position to the right enc. 
DOWN =: O Displays WINDOW from the top end to the V dividing position. 
1 Displays WINDOW froa the Y dividing position to the botton end. 
WHP5~WHP1 ese: H dividing pesition 
WVP4~WVPO : VY dividing position 


| | 
R RESOLUTION | DIVIDING POSITION(WHP) | 
32 CELL | O~16 (O~32céLL) | 
40 CELL | o~20 (0~40CELL) | 
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SETTING EXAMPLE 


R E.G.Su#1: 7-3 


R.2.G...8 16 


WINDOW “trog<the “left vend sto -the ‘sécond cell 
2 WINDOW frog the top..end:to the féth cell 


(@) 1 2 3 4 . 39 
tte “+ 
| 
WINDOW . 
TS 
SiG RiOriib~ «Ah 
| 
27 
DISPALY SC2EEN:40x 28 CELL NODE 
REG. UHL T Or BOR 0.2K WINDOW frog the ‘left end 4th cell to thé right end 
REG..# 1.8 0.00...8 0H +0 1. “WINDOW fron ithe 2ad cell-to the ‘Dottoa.end 
fe) 1 2 3 4 329 
Se eae ee Seer Oar 
0 | SCROLL 7A 
1 


| 
WINDOW | 
| 
| 


DISPALY SCREEN:40x 28 CELL MODE 


50 


SWINDOW.from-the 4th cell ito ithe right end = 
“WINDOW: from “the -top end =to“the 16th cell 


39 


WINDOW 


SCRO11 A 


27 


DISPALY SCREEN: 40x 28 CELL MODE 


Ho». WINDOW tothe 4th cell. froa-the- left 
TH SSDS WIMDOW frda “the 204 cell“ta“the“botton “end 


WINDOW 


DISPALY SCREEK:40x 28 CELL KODE 


5] 


OcPWIUN DOW EP R'LO RIT YEO 


WIN is nh the same way as 
iene '-S COR Ou. be sA: SCROLL A. 2:6. Mot -disiotlayed 1-5 the 
area where WINDOW is displayed. Also, only when 
WINDOW 1:6 (8:6¢ £0 "Che Vert? and SCROLL “A 4.5 moved 
ion. :H direction, the character corresponding to 
2 ‘eel bs" on + he. 4h ted die ots tens boundary 
between WINDOW and SCROLL A will be disfigured. 

There wilk? be ne maltfunvebonrtag when WINDOW is 
Set fo the. (ett. side. @nd “SCROLL. &. 2s: ew ed only 
imi Ve agiprect ion. end “also when “WIrenpow te set to 
the roieht <‘s idee. 


| 

| 

| 

| 

| WINDOW SCROLL A | 
| 
| 

| | | | 
i 

| | | 

| 

| 


Display of this portion will be disfigured, therefore,mask SCROLL A by 
using high priiority. 


OO WINDOW PATTERN NAME’ O 
WINDOW 
BASE AD 


The PA 
require 


PATTERN NAME 


peri R-evfveury “t2o. 3PRi 1 O-ROV TRY 

erpel CO lvo-rm Pea lee t-te S eee tt e-n- po Pe 
cpo = 2 t -t-0.= 

vet MO CORUE VIER S-E* “Bal T les REV E-R:S°E 

hf Hy 7ReEOVeESRSS EX VBShct > REVERSE 
Ptol.0-~.p-t-0 PATTERN GENERATOR NO. 
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PATTERN NAME nd VRAM relation veries depending 


a 
on H 32 cell/yY40 cell mode. Pay careful a: tte net loan 
tow -tehoisr wp*o.in-t. 


H 32 CELL MODE 
0 1 30 Kp 


a: 2cell 
0 | 0000 | 0002 | ~ 


1 0040 | 0042 


3 2cell 
mst 


30 0786 | 0782 
31 


| 07c0 | 07c2 


HD 4:0) -C Boi L- oMsOsD: 5 
40~63 are not displayed 


0 l 397 40 §2 83 
| | | j 

0 | 0000 | 0002 | ~ cr [e050 ~ 007c | 007e | 
| 

1 0080 | 0082 | | 90¢e | 000 | 00fc | ooze | 
' 


30 aroo | 002 | Hotte| 0750 | 
7 eee | | 
31 | arco! Ofc2 | ~ ofde | Ofed ~ ie Offe 


Values shown are Offset from ‘the. BASE “ADDRESS 


n the H 40O0cell mode, there exists the areez for 
H 64cells. OW e058 Toe ere «wale ibe? “ns: id: dee Prey. 
£ rome «tne. A Tset: =cuerhvl ion. vtunve® -He <dder-e ection; 
ASl*s505..-ion thue: “Vo .2-8:c.e4 dy meo-d-e,. these “wil lad “bret nse 
divsip liasy ofirvoim. Vv - 2:9) the -cuett ls sacnid: isn ate hee (S26vto hn ices ded 
mor dse; 0: hve cre. -wrteD i ob.e- cnvo oid di spalaty: f pioom “JS bost: ees). 
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§10 SPRITE 


For sptite display, the following REGISTER 
setting and VRAM area are required. 


A > er 
REG. #5 oT aris! ati an13 | ATI2 | atit | atio| ats 


| 
REG. #12 | RSO fe) fe) 0 | 8/TE | LSX1 Lsx0 | RS1 


VRAM: P TTR Te TA EE MAX 


1s 
< 
4 
(ea) 


SPRITE POSITION and DISPLAY SCREEN are 
£0 Toco wes: MiOD, SP Pi -Ceoun poe tes on” Gs Oe “th 
&@ special mode, therefore, pay Care pul <at 
to: ot heirs’ *pvo want. 


DISPLAY AREA 


HR 32CELL | | O80~17FH 


Y 28CELL 
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Iff 


001 
000 fo SPRITE POSITION 
te os 080 lof 
7 DISPLAY SCREEX ————. 
| 
| 
| 


| 
| 


15f 
RAOCELL/V28CELL/KONINTERLACS MODS 


lff 
When O is set to the SIPSE ite: oR P'OVS: IST PON. al “1 ow 
POLO Paty Sp ri tre on it hee le ame line will not »b 
dui. sp 1a yverd: 
- 000 ber 


UD es remy SPRITE POST ST OH 


| A POSITION OF SPRITE A:0 


080 
080 ————— DISPLAY SCREEN ear 
A MASK AREA eat : : D : | 
oe AID go | aL —C 4 2 Seer ' = ee ot Pe, MRT 
| MASKED ; 
| | MASKED i 


SPRITE PRIORITY : B>A>CD 


ff 
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O228 PIR IS EOSA LER I BUTESO 
; SPRITE ATTRIBUTE TABLE is on VRAM and the BASE 
ADDRESS is designated by REG. #5. ATTRIBUTE 
- requires 8bytes(4words) per SPRITE, and indicates 
DISPLAY. POST? LON, PRL ORLTY, SPH rer <e ENERATOR 
Number and ATTRIBUTE. e 
Starting from the beginning of the ATTRIBUTE 
TASiIO£, MUR Gers are given tn- the -6< Qwe nce: of 
SPRITE (0, SPRETE: 1. SPRITE 2. SEPprrre 3, oo. Priority 
between SPRITES is not determined by the 
sequence of sprite number, but by each SP RL TE ss 
LINK DATA, and thus becomes Programmable. 
ist 
: VPOSITION | ( as~ a8 ) 
( d7 ~ dO ) 
2n-d 
SPRITE SIZE ( dl5~ d8 ) 
LINK DATA (aT ~ 40) 
3rd | j 
PRIORITY, PALEITE. | sn10 | sng | sng | ( dl5~ d8 ) 
REVERSE , PATTERN sn5 | snd | sna | sn2 snl | ( d7 ~ dO ) 
am ee Ce ee See ae iit) - OCateasdac 
i 5~ 
H POSITION L__! | | Bagae 


| hp? | hpé | hes | hpé | hp3 | hp2 | hol | bed | (d7 ~ do) 


Blank portions can be utilized freely for software. 


voS~vpo V POSITION 

ho8~hpo H POSITION 

nes; I BASSO. b2 SPRITE’s K SIZE 

Vi-Silie ove scOe 3 SPRITE’s V SIZE 

Lds6e IdiO® 2s bo ien-k:-D-a ta 

pri : PRIORITY BIT(See PRIORITY) 

Cepslin = CipiOnes COLOR PALETTE SSELECTION BIT(See COLOR PALETTE) 
vf : V REVERSE BIT L:REVERSE 

hf : H REVERSE BIT 1:REVERSE 

snlo~sn0o: SPRITE PATTERN GENERATOR KOMZER 


me WW 


Be yh) NE GR OV ee eRe reo Pee 
1 


=0 


O45 PRITE SSIES 


Per SPrite dot number ec 
basis, by using vst, vs0; kt 


0 hee (8 dots) | 

0 | 1 | 2 (1 6 dots) | a | 1 | 2 (1 6 dots) | 
| 0 | 3 (2 4¢ots) | | 0 | 

| | 


| 4 


| 1 Hes (3 2 dots) 


3 (24 dots) 


However, in I RLACE MODE 2, one 


NTE e-e ol 2s 
comprised of 8x D6d0t Ss; therefore. the number 
diort:s-) is. “thwion “times (as compared to INTERLACE 
MODE ‘D) 

O°-SPRITE!:s DISPLAY COA AC Pry aco 


102) 


£ PRITE’ S$ maxi 
depend ine son ih ore sol wt ico-n. ‘sie 


um dics pivay var 
+ i 


RESOLUTION | NO.OF DISPLAY DISPLAY DOT PER LINE 


| 
| H 32CELL 


| 
| 
| 
MAX.64 SPRITES | MAX.16 SPRITES 


| MAX.256 DOTS 
| H40CELL | MAX.80 SPRITES MAX.20 SPRITES HAK.220 DOTS 
SPRITE is diepilayed in the sequent i-a } orde 

PR l-O RUT Ts ¥. 

Example: : 

OW Ti oH et ee) Vl! eve Tle wi hve he (809 SPR oT Pee) cetase: hens 
iO Os -Oi Sole vec OOn., chive “sate (Lane, App f6° cs 
SPRITES counting from the one having highe 
Ora Or Icey Solty Ee CRAG 2) -Gre lol sm igudsey * sad) «aan “Spe 
ten stehié- dH -4-0: iG-esl 1 imvotd:e  -ciacn < bee displeyed, due 
the leiimartlast iow) (oof -dviss ip hey. “p'ecr ine 

OWiPe ne, By sige 4 Cel Ss, Wie Ht PES P RITES ows net 
£0. be. displalyed on (he. Same Pine, wp +6 6 
SPR TPP E-s°. -cio7un tion &. fiom “thee Vvocn-e having the 
NAL Bone Set: Peto 8 ioctey toe! Ste) Be a2 Se eid ag ocd es an 
SPRITES in the H 40 cell mode can be a 125*0: 1 
dvuve- stro. o tone: laiomt tart Ton. “ost. 2D. TS) PebsAcye dio. ts: 

Owoivten. -Ho AsiiZve> 33) _ eres 1s: Neen 16S .P RATE Ss. are. Ginet 
to be displeyed ih the same Line, Lt SPRITE 
counting from the one having the highest 
pir ivorrsir toy Cars. sfiowr: “lel-trh one, however, only for 
dots) Sf-rio.m. thee: les ft. - ein. d’) in the H 40 cell o 
Gan be displayed. ewe to the limitation of 
display dots 


i 


a 


=] 


cr +) oO 
oO mn 


fe) 


A. 


f 


ct 


OUSP.R VO RTTYSERE TWEENS PROUTEISES 


ORITY between 
Ke DANT 


up romrne 
ama 


+o noywn 


~~ IO mM 
36H Ect O 


3M wo 

>< 
oO trip 
O HD YE 


cr 


| 
| SPRITE @ | LD £8 | 
SS ee | 
| 
ere eraarss 
SPRITE 61 LD 


Hereafter, 
continues up to LD 


ee) 


SPRITE w | ae | 


0 


SP 
A. 


no 


RITEs is designated by each 


RTOR ITTY 

K DATA t 
Y No. 2 § 
RITE, PRI 


P 
N 
T 
P 
ows PRIOR 
at 


N 
h 
P 
O 
I 
t 


w ol) We oe 


LINK 


to set 
MED ALT A. 


the 
and 
the 
Sele eS vel 
or 8:0); 
will 


SPR Tt 
the Pp 
cas 


NK. “DATA, 11ST 
UTY: wild. db: com 
the number of 
than the max. 
remaining SPRITE 
be displayed. 


| 
| 


a) 


| eas C3) 
RIOR 
€ that 
ess 
the 
not 
an tho 


te. sect 
inary 


Specified 
the lowest 


se 
to 
Pum eut Tom ieon-e- sis 


SPRITE 


| SPRITE B 
| SRITE asd 


PRITE 


SPRITE O 


4 


) 


| ko 


No.2 


Se re | 


Pripority No.1 
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SETTING EXAMPLE 


The 


displayed 
16 
linked 


and 
not 


| LinkData | 


SPRITE 0 


| SPRITE 4 | 5 


SPRITE 5 


SPRITE | 


| SPRITE 9 


| SPRITE 10 | ep | 
{ | 

| 
| SPRITE 11 13 | 
| 


SPRITE 12 


; SPRITE 13 


| 
SPRITE 14 | a ee No | 


11 SsP RT TBs), so hovwen. 
Orn, . -t hee 
onward are not. ad 
wel tun. cb DENK <DA 


in 
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Sere en. 


-j rR 


RRO RR | 


SPRITE 0 
SPRITE 2 
SPRITE 


SPRITE 10 


SPRITE 


SPRITE 


SPRITE 7 | 


PLAY 
NO" <6," -83, “9; 
becouse 


PAReliO;R Tet 


12; 
they 


The SPRITE PATTERN GENERATOR with VRAM COOOH as 
BASE ADDRESS, expresses one pattern on a b2s/i-s. sort 
8x8 dots. 32 bytes are required to define one 
pattern, Every 32 byt€s, one. pattern is expressed 
isn. » tehse sequence of PATTERN GENERATOR OF D2 eee 
The ©Pelaetitons nis of DESPLAY PATTERN and MEMORY 
is the same as in PATTERN GENERATOR. Also, SPRITE 
SIZE and PATTERN GENERATOR eset t-O.8 S Wipe. (ae 
fol 


lows: 
Vicell Vicell Vicell Vicell 
. H lcell K 2cell HK 3cell H 4 cell 
: } H 
[0 | ol1 Bostale oj. 2|3| 
es eee q 
V 2cell V 2cell V 2cell V2cell 


H Il cell H 2cell H 3cell 


V 3cell 3 V3cell V3cell 
H 4 


PRIORITY 


§11 


and SCROLL 8B 


SCROLL A 


SPRITE, 


PRIORITY between 


esignated. 


r 
3 
~ 


NAM 
Lior 
f-orr 


each PATTERN 


each. “prior bt y- pect, 


ombining 


follows: 


BACKGRAOUND PRIORITY 


the 


always 


is 


PRIORITY 


See eee eee 


| 
| 
| 
| 
| 
| 


io) 13) 1o) 9) Oo YO 
A A A “A “A “A 
(ee) fQ m m9 <f << 
A A “A A “A “A 
ee Oa eT a 
A“ A “A “A A A 
Ww 0p) at ” am nn 


| 
| 
| 


| 


Le) oO 
A A 
om | «a 
Ae As 
rae) <a 
A Ni. 
atin 
eo et 
re rt 
(e) et 


nm 


3) 


ACKGROUN 


B 


abdove 


the 


and 
fun iestho-n 


S/YTEN tie) 
ect 


SHADOW-HIGHLIGH 


eonm- Dt ini ne 


by 


A US:0% 
Dir 1 Oor lt y; 


be 


can 


uB eal vpn ene Wees Ge Ane — eo Us 


6] 


TEN=0 


s 


Ou 
nou 
<m 


S=1 


art et 
Hell 
tmn 


HH OC 
wou 
qnn 


HOrn 
wouon 
qamwn 


A OO 
nou ou 
tmw 


O:£ 


situation 
The 


designated 


s 


and BACKGROUND. 
i 


PRIORITY 


shows 
ie 
ie) 


th eire. forre; 


either 


the . ‘pero: ratey 


BACKGROUND, 


Weoislil, V“atpup-eseacr: 


transparent one, 


then the 


lower 


G2 


COLOR CODE 
COLOR CODE 


O~3 
3 


1 


TEN 
SPRITE COLOR PALETTE 
COLOR PALETTE 


s 


Onn 
noun 
Immun 


On Oo 
noun 
qmuw 


oor 
nouou 
qtmun 


ooo 
woud 
qtmun 


oH rere 
wou 
tmMn 


um Ht © 
ie ee 
“tan 


HOn 
louou 
(mw 


HAOO 
tou ou 
<mn 


| LF | STATUS OF SEADCS 
VR MRP OR TTY pia coves oe 
wilt? be SHADOW. 
refer to the ‘color pra ‘ext tie 


when 
S\ 06-6. Us, 


Cro yl) o-F 


=1 


TEN 


Ss 


SPRITE COLOR PALETTE 


COLOR CODE 1:5 


3 


- 


Vacees 


NG 

Si 
Sk 

ae ee 


; cow 


oun me) 
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COLOR CODE 14 
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SPRITE COLOR PALETTE 
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s.c ree n, 


col 


a. 


O.p,etrra torr. sor nes «ti hve 
lower than SPRIT 
Since 

niost, .b e- idicd sop.) a. ye 7c. 


When “SPRITE 28-2 Ot Pele ted. “6 PRO RAT Y,.° th, e 
£:0:1 tow tng PR EORETY: ep pit ies: : 


> SZTEN=0 


STEN = 1 
he a a 
; G 
as de 
B | 
ae ae 
Aw 
A=0 A=0 A=I1 Az=l 
B=0 B=1 B=0 B=1 


| LL) STATUS OF SHADOW 


COLOR... PADE Ts 


§12 


4 bits and can 


of 
G.Ol-0 ns. 


comprised 


Gort): Sivs 
desifgnate 


One 


color 
screen 
CRAM data 


O~3 


Also, 


O~15 


the 


on 
ere 


deslenated by SCROLL 
Oi tes: 


can be 
and by 


basis 


es 


SPRITE. 
R, 


each 


3 
Dee. Cre) Toure. 


of 


and B has 
Onw.t; 


f S8-c'h OF G, 
freely selected 


Sine.e 
be 


can 


D8 ) 


2 
Loe) 
_ 
Aa 
~ 


DATA 


( D7 ~ DO ) 


roel actolso n s-Rh-i- p:s 


CRAM -4ddp ess, pete tes 


between 


The 
and 


£0°2 L o'w's 


e 


code ar 


CO 21 HOrr 


However, 


O70 tne 


code 


designation. 
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of 
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re a. a. 
= 
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RGB bit and display are as follows: 


is gs es Seah arte acs eee ge i dea SOE ee | Max 
STATUS OF “SEADOW | 
i) 
aca: Seale oy 
j | 
‘art | 
R OUTPUT(G&B are the sane as 8) - 1 
| | 
eae | 
aaah stacenasccenracntecsesescesnnnssenseceeee! Mi 
R2~RO aes Ge aa ies” a= ae, | 
mae eee acne eee 
STATUS OF HIGHETGHT eas) 


R OUTPUT 
(G43 are the same as R) 


§i3 INTERLACE MODE 


RASTER SCAN MOD 


E a be changed by S-est ttn & 
LSMO and LSM1 (RGB. 1 


+£ 0 


n 
2). 


LSM ae SMO 


RASTER SCAN MODE 


HONINTERLACE MODE 


NON-INTERLACE mode,the saze 
N is displayed on the rasters i 
n and odd nunbered fields. 
t 

u ' 


In the INTERLACE MODE, the differen:  ! 
| PATERN is displayed on the rasters of i 
even and odd numbered fields. 
(INTEZLACE 2) j 

1 


ie tre: TN DER ACE MODE @n.2 SUNTE RELA CE 2. soee Gtr d 
iss de-f i.n-e:d “by -8:x:8 COC Sse. sin GIT ER LACE “2. 8x 1 
d-os't's. For (Ds) SPL AY One) 6 ell ep neve: 4-6. Sout’ ee eo + Ss 
ia the. CN ONIN TE RL ACE “MODE Gad “in hie: “EN PERT ACE 
MO: DeEs* o6°* 16. idsortuss 

ih 2 y e242 5.6; “murbeer of cells. “itn <ome! Seneca rie 
the same 

Depend-i eg Os, te type: Jof DESPEAY, in (t wel eae 6 
of INPSREACE DISPLAY, there Mey oCceer “4 “eet ous 
Dd wo Jom hve. Moe Pt be ab od Pp hiele tion, the re to pen woh en 
Qs ne Le. DSP LAN. Oey Carer wt 2 kena toon fon. “Eh 4s 

egar 


INTERLACE 1 


NON-INTERLACE 


ECE 
eoeee 


Si iby ia acy ete ined aR ES 


oO taal N se] x w o t& 


2 


INTERLACE 


H FIELD NO. 1 


@ FIELD NO. 2 


Sanaa 


Soi 


1S 


3. BACKWARD COMPATIBILITY MODE 


In the case of BACKWARD COMPATIBILITY MODE, the 
MEGA DRIVE differs from the original Markil&MASTE 
Ro SYSTEM Tn “the fol. bow ine op oisnetis:: 

oO. MARKW (MS =U APAN) ETO - 
+e oe 
OOS ROM is. mo tC Or rate do 

ROM CARTRIDGEYCARD selections are made by hardw 
are. <i-n. thse ‘sxetme Manner aes in the case of MARKIl. 
START UP ‘Sb-OT nam ber ics: mot wirist’t.ecr- dn. .0:C:070'0:R- 
START UP -Seea -low0o 2:S: not --di-spl-a.y-ecd: 


Onk M 6:0 de Or ee eis Oth oo rp or ste Go 


FM sound 
and MARIKI|l 
nO). sGsp.t youn 
possible. 

Co ns id-er 
Spee 1 fi ca 
JeOVeS etek Gk 
source an 

© MASTE 


FM sound 


connectio 


o_ 
thO wr 


A." ct 


O wr ct 


ne) 


Ook MoS oo nd! 


n 


i 
i 


RAM is not clear on POWER-UP 


corporated in MS-JAPAN (Standard) | 
nal) (OPLL), however, MEGA DRIVE hes | 
hearst, ca: Lt treweh co nes thivon.” is 

EGA DRE VE" “s: Jse0'en evs-e 

as that of MARKIE with MS-JAPAN’ 5 

ras MS-JAPAN without FM sound 

OM 

EMO 


no mM ean: inet wl . vad we. 
O08 Or NOt “dies pal a-y ed 


SiO ere eS one Out Ie Gi0-F 0G. Peet ends. 


Sionr-rucre: | ics 
(OPLL). However, 


i 


Ss 


ienc-Onr pro r aitie-d “in -MiS° -by “oD tivo n 

MoE: GVA. -DsRo DV Eo hees® “nid: cosprtr ison, “ea le teno h 
possible 

the MEGA DRIVE oversea@s version 
SuVEM. (wiistihovtint san O-ptesr-eit dense: “Siy's te: m 
Ro 
RIVE’ s MARKIT&MASTER SYSTEM 
EER hb LtY. “MODES the FAAM  BO:A-RD cfo-r 

r which D-RAM was used) cacn: ino" bie 
eo “prrcorbol-em: “o-f> <RiEsP RE SH. The other 
elopment (which utilizes S-RAM) can 
t any pero. b-lve.m 


TI 


4. SYSTEM 170 


MEGA DRIVE SYSTEM I/O area assignment starts 
from $AO0000, with the Z80O0 SUB-CPU’ s memory area. 


§1 VERSION NO. é 
tia Se 


ind tcaties. the Messe Drive” s hardware ers ton: 


$A10001 Hone VMOD | DISK | RSV | VERS | VER2 | VERI 


MODE OR» 9 O: Domestic Kodel 
1: Overseas Hodel 
VMOD (R ) O: HTSC CPU clock 7.67482 
: PAL CPU clock 7.60K2 
DebeS2k — a GRe =) O: FDD = unit connected 
1: FDD = unit not connected 
RSV (R ) Currently not used 
VER3~0O(R_)_ MEGA DRIVE version is indicated by $O~ SF. 


The present hardware version is indicated by $0. 


The MEGA DRIVE hes the three general purpose 
TZ Ou tour ts) OT Repay GIRL 2. “avn: de EoX' PR: Although each 
port: diff-er:s from thre others in physical ‘s‘hva:p*e, 
it --foaune. tive ns> ln thee «same: main ne ir. Each port has 
the “foe lowitn-e oS “RE GUYS PER s” -f 0.25 ‘CONT ROL. 

DATA (PARALLEL DATA) Serer 
CE RL (PARAL EL EL” -C-O NT ROtb) 2 RW 
S.-C TRebs  uCSt Ee. RoVAE.. CONTRO. 4) : R/W 
TOS DALE Cay Me CTK de DAC TOA) R/SW 
RexcDvAT: A | -GRexX-d>  “DiIA-T=A)) R 


1G 


The 


re Inaction: s‘hei‘p 


follows: 


UM UH 


ae) PAO: “ene 
f-S PARALLE 
N T INTERRU 
>PB SsE-R 1 AL = 
SS PA RIAL LE 


(coaaa © ed © al aeae | 


between 
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REGISTERS 


ge 

f SEBRVAL. MODEL -¢ faun 
LT C.ON TROL 

ASRIA Lb i 2C.O°N-V-EsRS'T0 
=Oolb. Reb AcL. <G:O'N-ViESR S10 


in 


as 


gis as follows. 
$A10003 DATA 1 Co: CeT Ried.) 
fet $A10005 DiAyirAst (2 © G-TOR L254 5) 
it $A10007 DA TAP S'S: UC~ ESX.B? J 
S$A10009 : CTRL i % 
SA.10:0:0:Ba gt CT RG 2 
SA 1t-0:0°0'D’ :: Ci-R.L> 3 
SA1LOOOF TX DATA 1 | 
$-A.1-0°02451 RxDATA 1 | 
$A10013 SiC TRL: | 
SA10015 TxDATA 2 | 
. $A10:04-7 RX DATA 2 
2 $A10019 S= CURE 2 | 
"£2 0.013 Te DAT AS 
S:As1-O°0"1-D RxsDATA 3 
SALOOIF S-CTRL 3 
B-oteh? 2BsYo TE) aen' do WO: RD) alec. sis) sare —pv6) sisi bile. 
However, in the case of WORD access, only the 
leo wecr- <b y tee “ibs, « meevarnei ne foucd- 
DATA shows the status of each port 
Then" LAO" 2dr icr.e7ert 10 ny Ort) Siecarcuhta WDrist bis. "Sreit bey CT RE 


P2DAT. (RW) 

PD6 (RW) TH 
PD5 (RW) TR 
PD4 CRW)... “Tab 
PD3 CRW): RslG HT 
PED ee CRW) LEST 
Py Del (RW) DOWN 
PDO CROWe)) « cUsP 


l7YO direction ofeach “port 


CER EL. -dves.i he 
I CONTROL of TH; 


ignates 
and the NTERRUPT 


CTRL INT | PC6 1 PCS | PC4 | Pcs PC2 | PCI | PCO 


THN) PRO DS Ts 


I N.T- (RW) fe) ED 
Tee uw ALLOWED 
PC 6 (RW) O: PD6 INPUT MODE 
dee OUTPUT MODE 
PCS (RW) O: PD5 INPUT MODE 
1: OUTER UT: -M'O;D-E 
PCc4 (RW) 0: PD4 INPUT MODE 
Ls OUTPUT MODE 
. ECs (RW) O°:j-P'D.3 CION:P’ UE SMO. D°E 
3 OUTPUT MODE 
Pre.2 (RW) O: PD2 INPUT MODE 
as OUTPUT MODE 
PCr (RW) O3-P' Db INPUT MODE 
Ae OUTPUT MODE 
Pco (RW) O: PDO INPUT MODE 
ie OUTPUT MODE 
S[]C TRL ts fos thé Sitratrurss,, cert.e.. Of eacoh -psor rt.’ 4s 
mode: “eh aniexe, “ocasucd> -rva tve: end “SiEoR TAL. d 


> TR-PARALLEL MODE 

IN 
2 TL-PARALLEL MODE 
SERIAL OUT 
> RXxd READY INTERRUPT PROHIBITED 
4 INTERRUOT ALLOWED 


> RxdERROR 


SR Xd oR BAD 


KHOrOrFROrFR OF OFO 


a Chex dv Fo Ui Lek 


Bic 


§3 MEMORY MODE 


The MEGA DRIVE Ls able to generate interna 
the REFRESH signal for the D-RAM developmen 
cartridge. When using the development cartridge 
set to D-RAM MODE. In the case of a product 
cartridge, set. to ROM MODE. 


Only DS of address 3A110.00: i.s ef fec#cti-we: caind  f:or 
WRITE ONLY. 


S$A11000. Det W) 0: ROM MODE 
1: D-RAM MODE 


ACCESS to $A11000 can be based on BYTE. 


§4 280 CONTROL 


8000, 
e time 


> BUSREQ CANCEL 

> BUSREQ REQUEST 

: CPU FUNCTION STCP,ACCESSIBLE 
> FUNCTIONING 


ws 
Ke Or °O 


> 
fe) 
fe) 
fu) 
7) 
7) 

ct 
fe) 
N 
(on) 
eo) 
> 
a] 
rea] 
‘> 
Fs} 


the £ old owbpme M-acn ner. 
SOO Om “Ten: -S7Ati 10:0) sabe. ueseiene-pae OW 


DiS o£ SA As? 1-0-0. “bce.c20 més." 0. 


> 


P4°O:0'. bey) uss-i ng a WOlRD 


OES O23.00%53 

QRraAoOQ 

oO ct OO O ct 

non WW O 
Yn 

Oct O 


‘D> 
OQ 
QO 
oO 
n 
n 
ct 
oO 
fA 
‘> 
te 
- 
— 
[o) 
oO 
Q 
ry) 
is! 
fo 
‘ze 
a) 
oO 
ion 

oO 
lon 
wo 

2) 

oO 

A 

fe) 

= | 

w 

Kt 

-j 

uy 


eo) 
N 
(00) 
fo) 
ae) 
3) 
io) 
nm 
rs) 
© 


GW +} 
Qo vr 
‘3 © O 
“4 OM 
pir O 
no 


y re 
ato moat. i-cevard 
d P 


<4 


$A11200 DiSicl Wi) oO RE 
12 RIE 


Ao oveete: “t-o= SAT TPO can 22.30." bee (be see on Bot Bs 
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§5 Z8O0 AREA 


Mapping -is performed starting from. $A'010.0:00: -f'o-r 
Z80, a SUB-CPU. 
As viewed from 68000, the memory map will be as 
follows: 2 

Tomes 


$A00000 


SOUND RAM 


$A02000 
PROHIBITED 
: $A04000 


SOUND: CH I-P 
$A04004 


$AQ06000 


S$AQ0BO02 
PROHIBITED | 


$A0800 


Oe 
T hiss: iss. “hoor -tuh“e= .Z-8:0- ‘pro stam 
A-cicse sys) fer 0 °m -+6:-8°0:0"0) - bey 2B Y TE: 


(OPSOUNDSCHT EO 


is tA-vé. moa-p'ip.icne area for FM <so0wn'd -s ource 
ye ae When access ine from.  618:0'0°0, wse BYTE -diue 
i 


Access to the 68000 side MEMORY AREA from Z80O 
Wack i - “pie- —pies-e-ds Jon er 3) 2°K “BAYSTE Be cusp €: At Y <tunvies? sti me, 
t-hoiss: REG IS: T-E-R csvevts: “wih ive:n: “BANK. “ivs) “tho “b’e> avec. cses-s-e d. 

i - do 


not access to Z280 BAnk MEMORY AREA by 68000. 
GTB #I3~Only ZBO con set this register. 


SETTING METHO 
When accessi 


D 

n to the 68000 side addresses from 
2.80" “Side; aki» 3 

A 

0 


e address es: ‘can. be -¢:l as's i fied 


g 

h 
into BANKs. NK can be set by writing 9 times 
fe) 
6 


B 
ion C10) split. ort" 6 0(Z80 address). The 3S bites 
correspond to 8000 address 15~23 as shown 
below: eae 
0000 
68000 ADDRESS 
A23 A15 
| ere ie ie a ee 
4000 | 
OTHERS 
8000 
| 1 TIRE A23 | 
2: SSINES A 2 2 | 
TEIN | 3 TIMES | A21 | 
4 TIKES A20 
TFFO { 5 TIMES AlgQ 
ioe? STIMES (SA 4-8 
i 7 TIMES Altah 
bp Be TURES A ANG 
Sg TIKES | Aue5 
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5. VRAM MAPPING 


19 


base 
Raiet = 
r, the 
d) «in 
be 

used 


MP mMrY Act O < 


In VRAM, there ere various TABLES and PATTERN 
GENERATORS as stated below. Among those, the 

eddress of PATTERN GENETRATOR TABLE and “SP 
GENERATOR TABLE are OC QOH ‘and ££ 2x ed. Howeve 

other base addresses can bre freely assigne 
VRAM by setting VDP REGISTER. Also, AREA can 
overlapped, therefore, TABLE can be commonly 
by SCROLL screen and WINDOW, for example. 
©. °SCRO LL A ‘PATTERN NAME TABLE Max: -8\K -Buy te: 
Base address designated by REGISTER #2. 
©: "S:\C-RO-E-b. (By “PvACT T ERIN: NAME. OTAB LE: (Miax. (OK Bate: 
Base address designated by REGISTER #4. 
O WINDOW PATTERN NAME TABLE Varies by H_ Resolution 
Base address cesignated by REGISTER #3. 
O: oH) eS-G-RO'L-E. “DAT A, TLACBAGIED (2 Ke UBiye tee 
Base address designated by REGISTER #13. 
OO “S:P Re TE Ea AT TRTB UTE: “VAS LE: VV arriieisy by. HR. Reecsvoct ai 
Base address designated by REGISTER #5 
© PATTERN GENERATOR, TABLE 
Baise address iis OO 00H (fixed) 
©O SPRITE GENERATOR TABLE 
Base address is OOOOH (fixed) 

There ere 2K By (evs. for H -SCROLE TABLE, howe 
as Or sdxits {pel ary 8:86). -Bey-te's-. aon “Vi2"8-a4G.eHS). amo die (4s 
960 bytes in V30 cell mode. There are 2K ody 
for WINDOW PATTERN NAMETABLE in E32 cell mo 
and 4K “by te-ereeé in H4:0° -cre-l1.. moid:e. Fiore Ndeent<a 
refer to WINDOW. There are 5:51.2° Dy tes for “SP 
AVL TRIBUTE SACBeL EE en -HeS2) “exes teh catnid: =K: bry tie carne 
Hr 0) -ccel 1] vamo:.dr-ex Reo weesvee Ff, as: Tor sdios-p lay, “t here 
64:0 “byt ess" in H40: cre]. 1 mo die: 


Se 


te co Ps 


tting exsample 


lL -HS.2> cell (mode 


SCROLL A PATTERN NAME TABLE 
8K Bytes from OCOOOH : REG 
SCROLL B ‘PATTERN NAME TABLE 
Sk. “Bytes ¢£0n 0E000H 2 RE Ge 
WINDOW "PATTERN NAME TABLE’. 
2K Bytes from OBOOOH : REG. 
H SCROLL DATA TABLE 

1K Bytes from OB8O0OOH : REG. 
SPRITE ATE RES UEE- “TABLE 

51-2: By ties: ‘from: 0B £.00°H. REG. 
n.o -¢.¢ Up ied. <e,rsea. (Ts 

d -SPRITE. GENERATOR 


| 
OBOOOH 
WINDOW 
OB800KF 


OBEOOH 


OCOOOH 


SCROLL B 


-- #2=530 


#4=$07 


#3=$2C 


tt 


13=$2E 


y7O=S5F 


used as PATTERN GENERATOR 


O 4G 1 20 5 


~p 
3C¢ 


2 -H40'..ce1] ‘mode 


SCROLL A PATTERN NAME TABLE 


8K Bytes from OCOOOH : REG. 
SCROLL B PATTERN NAME TABLE 
8K Bytes from OEOOOH : REG. 
WINDOW PAT*TERN NAME TABLE 
4K Bytes from 0B0.0 08 ¢. “ORE Gs 
HO S§:C ROLL. i DA TOA. TABLE 

2K Bytes. from OACOOH - REG. 
SPRATT BE) “AUT TR EB UTE OT ABLE 

LK; By ters: -f-room: °O:A- 8:0'O°H : REG. 
m0 CiCUwp Db eid --a re’a. 11 GS “uis- ed: ais PAT 
qd SPRITE GENERATOR 


OA800H — 


| 
| ‘ 
OACOOH | 
| ie SCROLL | 
oBOO0OH | 
WINDOW | 


OCOOOH 
| SCROLL A 


OEO00K ~—————— 


PRECAUTIONS FOR M5 SOFTWARE PROGRAMMING 


=. When programming the M5 software, pay attention 
to the followings: : : 


I The progrem..od DMA{RAM, ROM>VRAM, CRAM, VSRAM) 
showld be .-resident in. RAM, of it <@houwld be ‘as 
in. Lest 1 for exam 6 do32- However, in either one 
on the above 2.cases, @ long word access is 
not possible as regards the last VRAM address 


I TaD: osthtonld> “b-e- wacs- ffm> “thse: “next <pre cee: 


Il) “Puts > ATS 2E:2° ate yours -p.r-over-am- ‘sy Cs t-acr<t. 
Th ics: Lvs ‘thie Us S- security (s.6-£ twa re: 

LeleS tot 

DMA_RAM: 


lea vdp_cad,An ; vép_cad = $c00000 
; An = ADDRESS REGISTER 

; Set source ADDRESS to VDP REGISTER 

; Set DATA LENGTH to VDP REGISTE2 

move.! xx,raad >; xx: DISTINATION ADDRESS 
; rasO :WORK RAK 


move.w raad,(An) 
move.w can0+2,(An) ; Pay careful attention to the sequential order of Ist 
: word and 2nd word. 
tts ’ > DESTINATION ADDRESS should be set by WORD and not by ~ 
; LONG WORD. 
Evi Sfl42 
move.b $a10001,d0 ; Get version nunber 
andi.b #$0f,d0 : 
beq.b =. 0 ; If not version #0 
move.] #'SEGA’,$al4000 ; Output ASCII 


20: 


ROM CARTRIDGE DATA FOR MEGA DRIVE 


= 
ny 
w 
ct 
oO 


ijn’ “ROM s - 150 0 H~1 FF H. 


"SEGA MEGA DRIVE ° 

"(C)SEGA 1988. JUL’ 

GAME NAME (DOMESTIC) - 
GAHE NAME( OVERSEAS) 

"GM XXXXXXXX-KX" 

SXXKX 

CONTROL DATA 

$000000, $XXXXxXx 


EXTERNAL RAM DATA 

MODEM DATA 

MEXO 

Country in which the product 
can be released. 


a 
FOWWPrP PrP OWMDWDUNHKrO 
OMOMOWOOMADIAOO 
TMM hee ek Le 
ONrFOWOWMDNAUNAWONDHE 


ore oe ae 


pes SEGA,systen naae and TITLE in common with all ROMs. 
oe Copyright notice and year/month of release (Firm name in ASCII 4 character.) 
3: Game nase for Dosestic(JIS KANJI CODE OX) 
4: Gane nase for overseas aarket(JIS KANJI CODE OX) 
5: Type of CARTRIDGe and Products, NO., Version No. 
TYPE GAME: GM 
EDUCATION: AI 
NC. PRODUCT NO. 
Vie. Data varies depending on the type of ROs or software version. 
6: Check suc 
| Ts 1/0 use support data 
| JOYSTICK FOR HS a 250 
JOYSTICK aaa | 
KEYSOARD ok 
SERLAL(RS232C) a 
PRINTER oP 
TASLET Hay 
CONTROL BALL aon.) 
PADDLE CONTROLLER sean | 
FOO ae 
CDROM = ¢ 
8: ROX capacity START ADDRESS, END ADDRESS 
9: RAM capacity START ADDRESS, END ADDRESS 
TSO=: When no external RAM is mounted, fill the address by a space code,and when it is 
mounted,follow the following: 
1BOR: dc.b "RA',Slxlyz000,%00100000 
x 1 for BACKUP and 0 if not BACKUP 
yz 10 if even address only, 11 if odd address only 
00 if both even and odd address 
1B4H: dc.l RAM start address,RAM end address 
Lol If corresponding to MODEM,fill it by space code and if not,follow the following. 
1; BSG As dc.d MOE SORA Oy ye 2 
XXXX Firg nane,the sane as in 2 
yy MODEM NO. 
Zz Version 
1635 Data of the countries in which the product can be released. 
JAPAN so] 
USA aU) 
EUROPE 2 


Be sure to input a space code in the unoccupied 1~ 7, 9~13_ space. 
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MAMORY MAPPING FOR EMULATION 
>For tne 6 6:0°O 0  BMULAT FON 
All address should be disabled initially : 0 to OFFFFFF 


Required areas should then be enabled as follows; 

Program and Data are in 0 to OO7FFFF 

S-RAM is for Z-80 in 0A00000 to OAOIFFF 

FH sound chip interface is in 0A04000 to OAQ4FFF 

1/0 and Z-80 control port are in 0A10000 to OALIFFF 
. VDP and sound control port are in 0C00000 to OCOOFFF 
Scratch RAM is in OFFOQ00 to OFFFFFF 
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RAM CARD CN Ox 1 fo le 5 64 202) 
This board has two memory areas; 


MAIN MAMORY (D-RAH) $000000 - S$OFFFFF 
BACK UP MEXORY (S-RAH) $200000 - $203FFF 


L.INITIALIZE 
Write O100H into $0A11000 
Write 1 into $OA130F0 
(Green LED light up) 


2.WRITE PROTECT 
Write 3 into $OA130F0 
(Red LED light up) 


3.READ/WRITE 
Write 1 into S$OA130F0 
(Red LED turns off) 


4.NOTE - Emulator access to these ports should be enabled before the 
writes, then disabled after words. 
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This manual explains memory mapping and way of accessing especially. 
FA sound generation and PSG are explained another manual. 


PSG address 


register select (Channel 1-3) 
DATA 
register select (Channel 4-6) 
DATA 


is inv Tflig. 
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2-80 gets the only VIDEO vertical interrupt. 


This interrupt is generated l6ms period and 64m length. 
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OFF 


copies program into Z-80 S-RAX 
RESET ON 
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REQ ON 
DATA 100H (WORD) ~ $A111090 


REQ 


oe an 


DATA OH (WORD) =+ “SALITI06 


III 


RE Seer ee ec0 
“RESET ON 
DATA OH (WORD) — $A11200 


-RESET OFF 
DATA 100H (WORD) > 


$A11200 


This period requires 26ms. 
Also FM sound source is cleard at the same tine. 


CONFIRMATION OF BUS STATUS 
This information is in $A11100 bit 0. 


GO: = 2-80) is using 
1 - 68K can access 


@ 280 HAND SHAKE 
If you access the HANDSHAKE area (A00000 - AOTFFF) you must use 


BUS REQ. 68K has to access the 2-80 S-RAH by byte. 


IM SS CT ie I> CoN A ets “Ro, 
Dy Ose Kr “6 C2G He se 6 8° cee: a eS OU PCe; 


68K needs BUS REQ when accessing the FH source, 
becouse this memory is controlled by 2-80. 


Or 327840 &¢ ce Ss € s the FM S40. ree. 


Z-80 normally controls the FM (40004 - 4003H) 


PS GS oP i ie ee Os 

PSG accepts access of 68K and Z-80 anytime, but you have to 
coordinate 68K and 2-80 accesses. 

PSG is in $C00011 from 68K and in 7F11H fron Z-80. 
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The Yamaha 2612 Frequency Modulation(FM) sound synthesis 
IC resembles the Yamaha 215i(used in Sega’s coin-op machines) and 
: the chips used in Yamaha's synthesizers. 


It’s capabilities include: 


-- 6 channels of FM sound 

-- An 8-bit Digitized Audio channel(as replacement for one of the 
FM channels) 

-- §tereo output capability 

-- One LFO(low freqency oscillator) to distort the FX sounds 

-- 2 timers, for use by software 


To define these terms more carefully; an FX channel is 
capable of expressing, with a high degree of realisn, a single 
note in almost any instrument’s voice. Chords are generally 
created by using aultiple FM channels. 


The standard -FM channels each have a single overall 
frequency and data for how to turn this frequency into the 
complex final waveform(the voice). This conversion process 
uses four dedicated channel components called “operators”, each 
possessing a frequency(a variant of the overall frequency), an 
envelope, and the capability to modulate its input using the 
frequency and envelope. The operator frequencies are offsets of 
integral multiples of the overall frequency. 


There are two sets of three FM channels, named channels 
1 to 3 and 4 to 6 respectively. Channels 3 and 6, the last in 
each set, have the capability to use a totally separate frequency 
for each operator rather than offsets of integral multiples. 
This works well(I believe) for percussion instruments, which have 
harmonics at odd aultiples such as 1.4 or 1.7 of the fundamental. 


The 8-bit Digitized Audio exists as a replacement of FH 
channe! 6, meaning that turning on the DAC turns off FM channel 6. 
Unfortunately, all timing aust be done by software -- meaning that 
unless the software has been very cleverly constructed, it is 
impossible to use any of the FM channels at the same time as the 
DAC. 
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Stereo output capability means that. any of the sounds, 
FM or DAC,»may be directed to the left, the right, or both 
Outputs. The stereo is output only through the headphone jack. 


The LFO, or Low Frequency Oscillator, allows for amplitude 
and/or frequency distortions of the FM sounds. Each channel 
elects the degree to which it will be distorted by the LFO, if 
at all. This could be used, for example, in a guitar solo. 


Finally, the system has two software timers, which may be 
used as an alternative to the 280 VBLANX interrupt. Unfortunately, 
these timers do not cause interrupts -- they must be read by the 
software to determine if they have finished counting. 


A LITTLE BIT ABOUT OPERATORS 


There are four dedicated operators assigned to every 
channel, with the following properties: 


-- An operator has an input, a frequency and envelope with which 
to modify the input,. and an output. 

-- The operators have two types, those whose outputs feed into 
another operatof, and those that are suamed to fora the 
final waveform. The latter are called “slots”. 

-- The slots may be independently enabled, though Sega’s software 
always enables or disables them all simultaneously. 

-- Operator 1 may feed back into itself, resulting in a more 
complex waveforn. 


These operators may be arranged in eight different 
configurations, called "algorithns”. A diagram of the 
algorithos follows on the next page. 


Algoritha 
Algoritha 
Algoritha 
Algoritha 
Algoritha 
Algoritha 
Algoritha 


Algorithn 
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distortion guitar, "high hat chopper”(?) bass 

harp, PSG(programmable sound generator) sound 

bass, electric guitar, brass, piano, woods 

strings, folk guitar, chimes 

flute, bells, chorus, bass drum, snare drum, ton-ton 
brass, organ 

xylophone, ton-ton, organ, vibraphone 

snare drum, base drum 

pipe organ 
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REGISTER OVERVIEW 


The system is controlled by means of a large number of 
registers. General system registers are: 


~- timer values and status, software use 

-- LFO enable and frequency, to distort the FM channels 

-- DAC enable and amplitude 

-- output enables for each of the 6 FX channels 

-- number of frequencies to be used in FM channels 3 and 6 
Usually, an FM channel has only one overall frequency, 
but if so elected, FM channels 3 and 6 use four 
separate frequencies, one for each operator. 


The remainder of the registers apply to a single 
FM channel, or to an operator in that channel. Registers that 
refer to the channel as a whole are: 


-- frequency nuaber(in the standard case) 
-- algoritho nuaber 
-- extent of self-feedback in operator 1 
-- Output type, to L, R, or both speakers. This can only be 
heard if headphones are used. (difind} Let 
-- the extent to which the channel is distorted by the LFO. (clcda¥) 1s 


Registers that refer to each operator make up the 
regainder. The four operator’s connections are determined by 
the algorithm used, but the envelope is always specified 
individually for each operator. In the case of FH channels 
3 and 6, the frequency may be specified individually for each 
operator. 
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ENVELOPE SPECIFICATION ~ 


A = De 
Tt 
4-—— D2 i 
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vw 4 
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KEY Oa] (DEPRESSED) KEY OFF (RELEAS ED) 


‘ 


The sound starts when the key is de pressed, a process 
called "key on”. The sound has an attack, a strong primary 
decay, followed by a slow secondary decay. The sound continues 
this secondary decay until the key is released, a process called 
"key off”. The sound then begins a rapid final decay ay, 
representing for example a piano note after the key has been 


released and the damper has coae down on the strings. 


‘The envelope is represented by the above anplitudes and 


angles, and a few supplementary registers. Used in the above 

diagram are 

TL -- Total level, the highest amplitude of the waveforna 

AR -- Attack rate, the angle of initial amplitude increase. This 
can be made very steep if desired. The problem with 
slow attack rates is that if the notes are short, the 
release(called “key off”) occurs before the note has 
reached a reasonable level. 

DLR -- The angle of initial amplitude decrease 

TIL -- The amplitude at which the slower amplitude decrease starts 

D2R -- The angle of secondary amplitude decrease. This will 
continue indefinitely unless "key off” occurs. 

RR -- The final angle of aaplitude decrease, after "key off”. 
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Additional registers are: 
Sie : 

RS -- Rate scaling, the degree to which envelopes become shorter 
as frequencies become higher. For example, high notes on 
a piano fade much more quickly than low notes. 

AM -- Amplitude Modulation enable, whether or not this operator 
will allow itself to be modified by the LFO. Changing the 
amplitude of the slots(those colored gray in the diagraa 
on page 3) changes the loudness of the note; changing the 
amplitude of the other operators changes its flavor. 

SSG-EG -- a proprietary register whose usage is unknown. It should 
be set to 0. 
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FROGRAMMABLE SOUND GENERATOR (PSG) 
OR UES G) 


eee The PSG contains four sound channels, consisting of three tone 
generators and a noise generator. Each of the four Channels has 
an independent volume control (attenuator). The PSG is 
controlled through output—port-S7F. hig, «ac ax ae a 


af 


TONE GENERATOR FREQUENCY 


‘ 


by a 10-bit | 
nes zero, at 

he 10-bit value is 
Thus, higher 10-bit numbers produce 


a The frequency (pitch) of a tone generator is set 

ot value. This value is counted down until it reac} 
which time the tone Output toggles and +} 
reloaded into the counter. 
lower frecuencies. 


To load a new frequency value into one of the 


, you write a pair of bytes to I/O location S$7F 
‘following format: 


tone generators, 
according to the 


First Byte: 


Second Byte: 


he R2:R1i:RO field selects the tone cnannel as follows: 


R2sRiUEO Tone Chan. 
O10" 70 zl 
Ox Ft 26 #2 
LP. 40" 20 73 


10-bit date: is: (hsb) @9de d7 dé 45 4 47-43 él dO" (isp) 
NOISE GENERATOR CONTROL 


The noise Sener ator uses three control bits to select the 
“Character” of the noise sound: A bit <allea "FB" (Feedback) 
produces periodic noise or “white" noise: 


rs NOlse Type 
0 Periodic (like low-frequency tone) 
1 White (hiss) 


The frequency of the noise is selected by avo bits Nrl: NFO 


according to the following table: | 


NF1l NFO Noise Generator Clock Source 


Clock/2 [Higher pitch, "less coarse" ] 
Clock/4 ; 


Clock/8 [Lower pitch, "more coarse" ] 
Tone Generator #3 = 


ee OO 
HOF oO 


tie vs 


NOTE: "Clock" is fixed in frequency. 


It is a crystal controlled 
oscillator signal connected to the psc 


Wnen NF1l:NFO is 11, Tone Generator #3 su 
source. This allows the noise to be " 
effect might be used for a jet engine 


pplies the noise clock 
swept" in frequency. This 
runup, for example. 


TO load these noise generator control bits, write the following 
byte to I/O port S$7F: 


ATTENUATORS 


Four attenuators adjust the volume of the three tone generators 
and the noise channel. Four bits A3:A2:Al1:A0 control the 
attenuation as follows: 


A3 A2 Al AO Attenuation 


O db (maximum volume) 

2 db NOTE: a higher attenuation results 
4 db in a quieter sound. 

6 db 

8 db 
10 db 
12 db 
4 db 
16 db 
18 db 


PRRPRPHEPRPRFPHOOODCAOCOO 
PRrFRrRPOOOORFKFFrFOOOO 
HPHOOKFrFOORFPHOOKFFrFOO 
FPOrFPFOrFOrFOrKFOrFOKrFOFO 
v 
i 


The attenuators are set for the four channels by writing the 
following bytes to I/O location $7PF: 


Tone Generator él: 
Tone Generator #2: 
Tone Generator #3: 


Noise Generator: 


EXAMPLE 


. When the Mk3 is powered on, the following code is executed: 


LD EL,CLRTB 


; Clear table 
LD C,PSG PRT 7 PpSg port is S$7F 
LD B,4 ‘3 load four bytes 
OTIR ‘ ; write them ee 
; (etc.) 
CLRTB . Gefb S9OF,SBF,SDF,SFF 


This code turns the four souné Channels off. 
also execute this code when the PAUSE bu 
the sound does not stay on continuously 


It's a good idea to 
tton is pressed, so that 
for the pause interval. 
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Summary 


The Yamaha sound source LSI YM2612 is an FM type LSI sound 
source with a built-in D/A convertor. The sound source is 
compatible with OPN (YM2203), and it is capable of generating 6 
tones at the same time. 


Characteristics 

* Simultaneous generation of 6 tones with 4 operators. 
* The sine wave has a built-in LFO capability 

* Compatible with the YM2203 software. 

* A built-in 9 bit D/A convertor. Output for 2 ch. 
* Master clock runs at 8 MHz. 

* Nch-Si gate MOS LSI. 

* Runs on a single 5V power source. 

* A 24 pin plastic DIP. 
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Lis Construction and Functions 


1-1 Main Functions 

The YM 2612 functions are described below. (They are basically 
identical to OPN (YM2203). 
Sound generating mode Sveeteue 4 operators FM type, 6 tones 
generated simultaneously 


Algorithms ecahevars 8 types 


Parameters auese vee see register address and FM 
sound generating part. 


Pt 


LFO function aes Sine wave LFO. Pitch (PM) and 
amplitude modulation (AM). LFO 
with variable frequency. PMS and 
AMS control with a separate 
on/off AM control for each 


operator. 

Multiple sine wave composition 1 sound can be selected out of 

6 tones. 

Timer function 6<2<¢5 two types of timer (type A and 

type B). 

OWUEDUE -COnErOlL  Sse«. 9 bits with a built-in D/A 
converter. L and R with an 
on/off switch. 

PEM function. Bawa ds The sampling rate is 55.5 kHz. 

[page 4 | 

ice Block Diagram 


[see the block diagram on page 4] 
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2h io3 Terminal Layout Diagram 


[see the layout diagram on page 5] 
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Functions of Terminals 


n 


This is the input for the master clock. 


MOL - MOR 

This is an analog output for 2 channels. Its output is 
provided by the source follower. 
DO’ ~ ‘D7 

This is an 8 bit bidirectional databus. It works as a 


processor and it is used to exchange data. 


CS = RD = WR. - Al = AO . | 


This serves as a databus controller of DO ~ D7. 


[table] 

BA Address range 

2. Content 

36 This is used to write the register address of the timer 
and for similar purposes. 

4. This is used to write the register address of channels 
Leas 3h 


5s This is used to write the register data of the timer and 
for similar purposes. 
6. This is used to write the register data of channels 1 - 


3 

va This is used to writ the register address of channels 4 - 
6. 

3. This is used to write the register data of channels 4 - 
6. 

9. This is used to write the status. 


10. Changes DO ~ D7 to high impedance. 


IRQ 
This is an interrupt signal generated by the output from 2 


timers. When the time period for which the timer is programmed is 
exceeded, low level is assumed. Output is provided by open drain. 


ic 


Initializes internal registers. 


TEST 


This terminal is used to test the main LSI. Please do not 
connect it to anything. 


GND - AGND 


This is a grounding terminal. 


Vec - AVcc 


This is a power source terminal for + 5 V. 
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Te =a5 The Databus Controller 


The designation of the register address and the control over 
the data bus to read/write data is implemented by signals CS, WR, 
RD, and Al. Depending on the status of these signals, description 
of the content of the controllable addresses range and the content 
of the data is as displayed on Table 1.1, and an explanation of the 
functions of the terminals is provided in chapter 1 - 4. 


The YM261 register consists of 2 sets of register banks that 
use jointly addresses $20 - $B6. The bank designation is 
implemented by the bus controller signal Al. This system makes it 
possible to access every register. 

Register allocation with A 1 is as follows: 


When A 1 = "Q" When Al = "i" 


[Figure 1.1] 


1s FM common part 


Figure 1.1 Allocation of Register Addresses 


Table 1.2 explains the allocation of register addresses with CS, 
WR, RD, AO, and Al in address control mode. 


Table 1.2 Read/Write Selection 


(Table: 1.2] 

le Mode 

2 Address write mode 

3% Data write mode 

4. Address read mode 

5s Inactive mode. 

A 1 = "*" designates the bank. 
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1) Address Write Mode 


First of all, the register address is designated in order to 
write register data from CPU or to read the data from the 
registers, and after the designation the data is written an it can 
be read. Address designation when the bus controller signal 
<address write mode> is written with address data from DO - D7. 


Addresses that have been designated are retained until the 
next address is designated. Therefore if the same address is 
accesses continuously, the first writing of the address is valid 
only once, after that it is invalid. 


2) Data Write Mode 
After the address has been specified, the bus control signal 


is changed to <data write mode>, and the data is written to the 
data bus. 


[figure] 

hee Address 

2 Data 

3s Address 

4. Data 

5 Address 

6. Data 

‘hes Data 

8. Data 

9. W1: Time of retention after address write 


10. W2: Time of retention after data write 


eee 


It is necessary to pay careful attention to the data write 
process and to the address write process. One of the requirements 
is a waiting period before switching to the next stage after the 
writing is finished. This is caused by the method used to process 
the data inside the LSI. 


Consequently, you must set the waiting period as required in 
order to input the data correctly to the register. 


eee 


Table 1.3 and Table 1.4 show the waiting periods required 
during writing to the register. 


3) Status Read Mode 

Status information which is generated by the status register 
during the <status read mode> provides output of the bus controller 
signal to the data bus. 
4) Inactive Mode 

When CS equals "1", the databus DO ~ D7 switches to high 
impedance. 
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<Waiting Period During the Writing Mode> 


Table 1.3 After Address Write 


Address Waiting Cycle 


S21. ~ SB6 17 
ee eee, 


Table 1.4 After Data Write 


Address Waiting Cycle 
$21 ~ S$8E 83 
$A) ~ $B6 47 


C—O CC Orr 


ti 


* The cycle number is the cycle number of the master clock ~ M. 
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1-6 YM2612 Register Map 
A. When ADDRESS is Al = "og" 
B. When ADDRESS is Al = "1" 
5 ae LFO 

Data 

KEY-ON/OFF 

DAC Data 
2% FM Parameter 


Channel 1 ~ 3 
3): FM Parameter 
Channel 4 ~ 6 
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Lied Status Flag 


[see the figure on page 11] 


{page 12} 


22 FM Sound Source - Functions 


The YM2612 is an LSI sound source with 4 FM type operators 
that are capable of generating simultaneously 6 tones/6 tone 
colors. Because it uses a system with 4 operators, the quality of 
the FM sound is greatly enhanced, and since the source also 


includes a built-in LFO capability, the capability to generate tone | 


colors has been dramatically improved. And since it is also 
provided with a full software compatibility with the YM2203, it is 
also possible to use tone colors that were created with the YM2203. 


This chapter explains the construction of the operators and 
of each block, with special emphasis on the register capabilities 
of the YM2612. 


2.1 Construction of the Registers 


Parameters controlling the operators are located in $21 ~ B6. 
Control over the creation of FM sound source and sound generation 
is implemented by writing appropriate data to each register. 


2-=— 1] = I Common Registers: $21 ~ $28 

Functions common for all the channels of the sound output are 
located in this block. It contains LFO, a timer, channel allocation 
capabilities, and other components. 


* Test: $21 


This is the test register for YM2612. It is not used for user 
applications. 


* LFOs $22 (See also 2 — 5 = LFO) 


This sets the oscillating frequency determining the speed of 
the LFO and the on/off control of the LFO. 
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* Timer - A: $24, $25 


The timer is a presettable timer containing a timer controller 
that carries out all timer starting and ending operations as well 
as the flag control. It also sends the timer interrupt operations 
to the CPU when IRQ is generated, when at the same time the timer 
flag allocated to Dl and DO of the status (read mode) is set to 
uqi * 


The timer A has a discrimination capability of 9 uS ( M = 8 
MHZ) of the timer counter, created with 10 bits of $24 and $25. 
Formula {1} explains setting possibilities of timer intervals. 
{see figure] 


tA. = 972% (1024 = NA) / 9M 4... (33 


NA 
M 


0-*"-1023 
master clock 


: — = ~~ ——E—— ee 
Ss Fg nN 


J wrtmutnmom dhe X, 


(Example) 


when M = 8 MHz 

tA (MAX) = 9216 us 

tA (MIN) = 9 us 
* Timer - B : $26 


The timer B has a discrimination capability of 144 uS ( M= 
8 MHz) of the timer counter, created with 8 bits of $26. Formula 
{2} explains setting possibilities of timer intervals. 


{see figure] 


tB = 1152 * (256 - NB) / Mn aaa aCe) 
NB?e.- 35:0. *) 255 
M : master clock 
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* Timer Control: $27 


Control is carried out by $27 of the timer controller of the 
timer A and B. 


[figure] 


* LOAD: Controls the start and stop operations of the 
timer. ~ 


Setting "1" means start. 
Setting "0" means timer stop. 


* ENABLE: Controls the timer clock of the status (read 
mode). 


When the setting is "1", the timer counter has an 
overflow and at the same time "1" is generated on the 
timer flag. This timer flag also generates the interrupt 
signal on the IRQ terminal. 


When the setting is "0", the flag will not be changed 
even if the timer counter has an overflow. 


* RESET: Resets the timer flag. 


When the setting is "1", the timer flag of the status is 


10 


reset, and at the same the bit itself is cleared and the 


setting is changed to "0". 


* MODE: Sets the mode of channel 3. 


rrr eee 


D7 D6 Mode Function 

0 ) normal Normal sound generation, same as other CH. 

fe) 1 CSM Generates composite CSM sound mode, F-Number 
can be set for 4 separate slots. The key on/off 
uses timer A during the CSM mode. 

a 0) effect Same as CSM. It is possible to set an F-Number 

sound separately for each slot. 
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[figure] 
1. D4 
aie D5 
3. D6 
4. D7 
5 0 
6. 0) 
de (6) 
8. ua 
9. 1 
10 ut 


Channel 3 can set the mode by $ 27, "D7" and "D6". 


Key on/off: $28 


Keys are assigned for each channel, depending on which channel 
is specified and‘whether the slot is on or off. 


ON/OFF 
ON/OFF 
ON/OFF 
ON/OFF 
0 0 
0 7 
] 0 
0 0 
0 1 
1 0 


slot 1 
slot 2 
slot 3 
Slot 4 


Channel 
Channel 
Channel 
Channel 
Channel 
Channel 


NOP WN 


It 


* Test: $2C 


This is the test register for YM2612. It is not used for user 
applications. 


2-1 - 2 D/A Registers: $2A and $2B 

The YM2612 can feed data written from the CPU directly to the 
D/A converter instead of sending it to the FM sound of channels 6. 
The register can utilize this function. 
* DAC Data: S$2A 


Provides data planned for D/A conversion. This data should be 
prepared as off-set binary data. 


Bit 0 is LSB and bit 7 is MSB. 
* DAC Select: $2B 


This register is used either to output FM sound to channel 6 
or to select the output of data that was written to register $2A. 


When bit 7 of this register was set to "0", DAC Data is output 
when FM sound was set to "1", 
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2 - 1- 3 Channet Registers $30 - S$B6 


This register holds the tone color parameters of 3 channels, 
F-Numbers, and other components. $30 - $9E are parameters set for 
the slot units, and $A0O - $Bé6é are parameters set for the channel 
units, 


The channel selection is controlled by the bus controller 
Signal: Al. 


When A 1 = "0", parameter control of CH 1 ~ CH 3. 
When A 1 = "1", parameter control of CH 4 - CH 6. 
Table 2.1 explains the relationship between register addresses and 


channel slots. 
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Table 2. 1 The Relationship between Register Addresses 
And Channel Slots 


a Parameters 


*1: $A8 ~ SAA and SAC ~ SAE are set registers for the effect 
sound mode of the channel 3, and for the frequency 
(Block, F-Number) and for the composite CSM sound mode. 
They are not used during the normal sound generating 


mode. 
See also 2 - 1 - 1 for details on how to set channel 3 
mode. 
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Zane Operators 

a mie Dox A Operators 


The FM sound source can be used to create various tone colors 
by combining multiple operators. However, 1 operator has only a 
limited function enabling to conduct calculations based on the data 
that is written to the registers. 


Operators generate the sine wave by the sine generator based 
on the frequency:information and the output level (envelope). 


The block arrangement of the operators is shown on the block 
diagram below. 


[diagram] 
she Frequency information 
2% Envelope information 


OP: Sine table 


PG: Phase generator. This is the frequency (phase) 
information generating circuit. It sets the speed with 
which the data of the sine table is read. 
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EG: Envelope generator. It controls temporary fluctuations 
of the output level and of the sine table output level. 


Specifically, the operator outputs the sine wave when 
frequency information is furnished to PG and envelope information 
is furnished to EG. On the other hand, since this method can be 
used only to obtain the sine wave, the result is not very 
interesting. For that reason one can also create tone colors that 
include multiple sound components by connecting multiple operators. 


An explanation of the FM principle ... it is possible to 
create waveforms having composite harmonic sound constructions by 
modulating the sine wave with the sine wave. 


_ooooO rr 


Table 2.1 shows the FM block diagram of 2 operators based on the 
FM method. 
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The YM2612 creates FM tone colors by connecting 4 operators. 
This method of connecting is called the algorithm method, and it 
is possible to select 8 algorithms. 


See also 2 - 2 - 2 for an explanation of algorithms. 


An explanation of algorithms ... algorithms describe the mode in 
which the operators are connected (method of combining operators). 
In FM there are 8 types of such combinations with 4 operators. The 
role of each of the operators in creating tone colors is determined 
by the algorithm, that is to say by the parameters that have been 
initially set. 


Letter B in Figure 2.1 stands for the feedback ratio of the 
feedback modulation. This feedback depends on the feedback. of the 
input to the identical output, which causes self-modulation. Since 
this effect is identical with an unlimited number of connected 
operators, harmonic sound constructions result in integral high 
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frequencies, which makes it possible to create saw-tooth waves and 
other appropriate wave forms, for instance strings-like tone colors 
and other effects. It is possible to think of the feedback 
capability as if it were one mode. (See also 2 - 2 - 2 for an 
explanation of algorithms). 


The operators are classified as modulators on the modulating 
side, and they are called carriers on the side with modulated 
output (irrespectively of whether modulation is present or not). 
However, the interpretation of the actual function of the operators 
has not changed, and they can become both modulators and carriers 
depending on the algorithms. 


These names only reflect the fact that when an algorithm has 
been selected, the role of each operator is either to function as 
a carrier or to function as a modulator. 

On Figure 2.1, OPl is a modulator and OP2 is a carrier. 


The following list of possible initial settings of sound with 
the FM sound source sums up what was explained above. 


OO eee 


A. After selecting an algorithms, the role of each operator 
is determined. 


B. Parameters of the PG (phase generator) are set, and the 
output frequency of each operator is determined. 

Cc. The parameters of the EG (envelope generator) are set, 
and the envelope and output level of each operator is 
determined. 

Dis Feedback FM is created with tone colors. 


Sa ee 
[figure] 


15 Frequency information 
2. Envelope information 
a Frequency information 
4. Envelope information 


5. B: self-feedback 
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2°= 2 =52- Algorithms 


15 


SS SS ee SR AT SE a 


Combinations of operators (connection modes) are called 
algorithms. With an FM method that uses 4 operators, such as the 
¥YM2612, it is possible to prepare 4 algorithms, and by selecting 
the algorithms, the operators can function as carriers or as 
modulators. 


However, the function of the fourth slot is not related to 
algorithms, and it must be always set as a carrier. 


Selection of the algorithms is the most important element of 
sound generating with the FM sound source. The basic procedure for 
sound generating is first of all to begin by selecting the most 
suitable tone color for our purpose. After that parameters are set 
for each slot, and the tone color is determined. 


Figure 2.2 shows the algorithm mode. The characteristics of 
individual algorithms are explained below. 


* Characteristics of Individual Algorithms 
1) Serial 4 Set Mode 


4 slots are connected in series and multiple modulation is 
achieved. Because the multiple modulation method is used, a very 
complex multiple sound construction is achieved with the output of 
the final carrier as a result of repeated and continuous 
modulation. 


S4 and S3 create the basic tone colors, while S2 and $1 are 
used to modulate multiple sound components and to add subtle tone 
coloring. 


2) Double Modulation Serial 3 Set Mode 


S3 is modulated by the composite output of S2 and S1. 
1) By the same token, S4 and S3 create the basic tone color, and 
a detailed sound composition is created by setting the parameters 
of S2 and Si. 


3) Double Modulation Mode (1) 

S4 is modulated by 2 series of modulators. The basic tone 
color is created by S1 and S4, while S2 and D3 adds a natural 
quality to the tone color. 

4) Double Modulation Mode (2) 

3) The double modulation mode is quite similar to the tone 

described under 3), but since no self-feedback is generated by S3, 


a flute-like sound, suitable for the sound of wind instruments, is 
created. S2 and S1 create a noise component. 
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Since 1) ~ 4) represent 1 carrier, they create a single tone 
color system, while they also resemble the tone color of solo 
musical instruments with multiple and composite sound components. 


5) Serial 2 Set - 2 Parallel Mode 


This is an algorithm with 2 serial constructions of 2 
operators. This mode is not particularly suitable for many tone 
colors with multiple components, but since creating the sound is 
relatively simple, it is possible to create 2 types of the tone 
color, which is why this mode can be used to develop a sound that 
will be characterized by a wide range. 
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6) Common Modulation - 3 Parallel Mode 


The common modulator S1 modulates three carriers, namely S2, 
S3, and S4. 


a) Serial 2 Set + 2 Sine Mode 


This creates a composite output of 2 sine waves with 2 
operators FM. 


8) 4 Parallel - Sine Wave Composite Mode 


A composite output with 4 sine waves. is obtained in this mode. 
However, with S1 it is possible to create distorted sound when $1 
generates a feedback. 


The carriers are used with multiple algorithms as a means to 
determine the sound quality by those parameters of the generated 
sound that relate to the frequency information of each carrier. 


To give an example, when the algorithm is "7", since multiple 
values of each parameter will be different, it is possible to 
achieve a coupler effect, resulting in an organ-like sound quality. 
In addition, it is also ‘possible to set the detune value to shift 
somewhat the pitch in order to create a so called coarse (or 
detuned) effect of the sound quality. 
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1 () Serial 4 Set Mode 

2s 1 Double Modulation Serial 3 Set Mode 
as 2 Double Modulation Mode (1) 

4. 3 Double Modulation Mode (2) 


AY f 


I 
{ 
I 


I 
{ 
| 
| 
—erw—X«=— eee hUn_ 8880880 


5. 4 Serial 2 Set - 2 Parallel Mode 

6. 5 Common Modulation 3 Parallel Mode 
Ts 6 Serial 2 Set + 2 Sine Mode 

Bx - 4 Parallel Sine Composite Mode 

9. M: Modulator 

LO. © aCe Carrier 

is Figure 2.2 Algorithms 
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2- 2 - 3 Feedback 

The first slot of each channel contains the self-feedback 
function. The feedback has a function of self-modulation, since the 
operator can be used to return to the input of the modulated signal 


of its own output. This is expressed as the feedback ratio 6, and 
it can be set in 8 steps from 0 - 7. 


The feedback is created in an identical mode by serial 
connection of multiple operators that are set to the same 
frequency. In addition, this effect creates a multiple sound 
construction with integral distribution that is similar to the high 
frequency element, that is to say a high modulation spectrum that 
resembles a saw-tooth wave, which is suitable to generate the tone 
colors that are characteristic for string instruments, a deep level 
of modulation that is suitable for noise components, and for 
similar purposes. 

[figure] 
* FB/Algorithm: $BO - ~ B2 


This is a register that sets the degree of modulation for 
self-feedback and the algorithms. 


[figure] 
Table 2.2 shows the degree of modulation for a feedback. 
Figure 2.2 The Degree of Modulation for Self-Feedback 


Ls Degree of modulation 
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2- 3 PG (Phase Generator) 
The output frequency of the operator, (the speed with which 
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the furnished phase is read according to the OP sine table), is 
determined by the frequency (phase) information generated by the 
PG. In other words, the operator can generate sound by any output 
frequency by increasing or decreasing the phase value. 


2- 3 - 1 The F-Number and Block 


The tones of the musical scale consist of the tones of one 
octave together with a combination of octaves. Therefore the tones 
within 1 octave are created by the F-Number and when the Block is 
used to set the octave information, it is possible to create ina 
simple manner the musical scale of an 8-octave. 


The value of the F-number within 1 octave, which is determined 
by the master clock and how the frequency required for the sound 
level is set, can be calculated according to the following formula 
below. 

if 
F-Number = (144 x f note x 27% / mM) / 2! 
where F note: the frequency of the generated sound 
@ M: the master clock 
B: block data 
(Example) 
When M = 8 MHz, A4 (440 Hz) F-Number is required. 


(144 1 240 x Oo fo 10) 7 2 
1038.1 


F-Number (A4) 


* F Number/Block: $A0O ~ S$A2 / $A4 ~ SA6 


This is the register where the F-Number and the block data is 
set. It contains the total of the F-Number for lower 8 bits / upper 
3 bits, which is 11 bits, and 3 bits of the Block. This data 
function as data that is used jointly by 4 operators within the 
channel. 


[figure] 


Setting of the F-Number/Block data must be always done according 
to the following procedure: 


(1) Block/F - Num2 data write: S$A4 ~ SA6 
(2) F-Numl data write: $AO ~ A2 


1S 
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2 - 3 - 2 Examples of Setting the F-Number Table 


@ M = 8 MHz, octave: 4 (c4* ~ C5), A4 = 440 Hz. 


[figure] 

ls Note 

2. Sound level (Hz) 
356 F-Number 

4. Division 


2 - 3 - 3 Creating Key Codes with the F-Number 


The Key-Scale function is one of the functions of the envelope 
generator parameters. The Key-Scale makes it possible to provide 
scaling that modifies the envelope rate (time) to correspond to the 
sound level at which the sound is generated. 

(See also EG in 2 = 4). 


Divisions within 1 octave that are required during key scaling 
use the F-Number value, and this division data is called the Key 
Code. 


There are 4 divisions in 1 octave which are counted from the 
upper 4 bits (F11l ~ F8) of the F-Number data. 


* Frequency divisions (N4 and N5) within 1 octave. 
N 4 = Fill 
N, 3 SF 22s (P20. +. ES: FS) + PD P10) 2 PS FS 


In addition, the Block Data consists of 3 bits, and in the 
entire tone range of 8 octave the Key Code consist of 32 steps. 


The following is an explanation of the concept called Detune, 
which employs frequency divisions using this Key Code. 
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2-3 - 4 Multiple 


The term multiple represents a parameter setting the 
multiplying factor of the frequency information formed by the F- 
Number. Table 2.3 shows the setting possibilities of the 
multiplying factor. 
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* Detune 

Detune is a parameter that assigns the frequency information 
formed by the F-Number as well as a subtle shift of the frequency 
to each slot unit. In addition to that, Detune is also the value 
corresponding to the information about every frequency according 
to the Key Code obtained from the F-Number. 


{figure} 


Table 2.3 Multiplication Factor with Multiple 


Ls Multiplication factor 


Table 2.4 Detune 


i. *- DGS the: sine bit. 
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2.= 4 EG (Envelope Generator) 


EG is a circuit generating the volume of sound, which includes 
both increasing and decreasing the sound volume, as well as 
generating momentary changes of the tone color. 


EG contains an output control circuit which determines the 
level of the envelope generator and generates the effect of the 
envelope generator. Envelope information which is required to 
activate EG is set by each operator through EG parameters that are 
located in the registers. 


2 - 4 - 1 Envelope Generator 
The envelope generator generates the envelope that forms 
temporary modifications of the sound. The envelope has four rates, 


namely attack, decay, sustain, and release, and it is also 
displayed through the sustain level. 
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Figure 2.3 shows an envelope waveform. 


[figure] 

1 Level 

23 Time 

a * The envelope waveform is modified during the attack time 


when it forms an exponential function. In addition, it changes to 
a straight line during the rate time. 


Figure 2.3 Envelope Waveform and Each Parameter 


* AR (Attack Rate): $50 S$5E 


The attack rate is the speed attained from the Key-on position 
to the maximum level, and the parameter that is used to determine 
this rate is called AR. The setting is 5 bits and 32 steps, and the 
bigger the AR the faster is the rising speed. In addition, when "0" 
is selected, the attack rate is infinitely great, and modulation 
of envelope can not be achieved so as not to activate EG. 


[figure] 
as * See following items for an explanation of KS. 
* DR (Decay Rate): $60 ~ S6E 


The decay rate is the speed of the decrease from the maximum 
level to the sustain level, and the parameter that is used to 
determine this rate is called DR. The setting is 5 bits and 32 
steps, and the bigger the DR the faster is the decrease of the 
speed. In addition, when "0" is selected, the decay rate is 
infinitely great and continuous sound on the maximum level is 
attained. 


{figure} 

i. * See 2 - 5 LFO for an explanation of AMON. 
{page 27] 

* SL (Sustain Level); $80 - S$8E 


The sustain level is the level (decreasing volume) from the 
decay rate to the point of the changeover of the sustain level, and 
the parameter that is used to determine this level is called SL. 
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The setting is 4 bits and 16 steps, and the greater the SL, the 
greater is the amount of the decrease. When "" is selected, the 
amount of the decrease is "0", and it becomes impossible to obtain 
the effect of decreasing through decay. Table 2.5 explains the 
arrangement of the bits. 


[figure] 
Te * When D7 ~ D4 are all "1" (15), 93 @B will be selected. 
* SR (Sustain Rate): $70 ~ $7E 


The sustain rate is the speed of the decrease from the sustain 
level, and the parameter that is used to determine this speed is 
called SR. The setting is 5 bits and 32 steps, and the greater the 
SR the faster the decrease. In addition, when "0" is selected, the 
sustain rate is continuous. 


[figure] 


* RR (Release Rate): $80 ~ S$8E 


The release rate is the speed of the decrease after Key-off, 
and the parameter that is used to determine this rate is called RR. 
The setting is 4 bits and 16 steps, and the greater the RR the 
faster the decrease. 


The operator envelope is created by setting aforementioned 
parameters A., D., S., and R. However, through these parameters it 
is only possible to obtain effects which are not connected with the 
output frequency .of the operator, which is usually supplied to the 
operator with the same rate, and the tone is sometime unnatural. 


That is why each rate is modulated to correspond to the sound 
level of each rate by using the F-Number / Block data. This 
function is called key scaling 


* KS (Key-Scale): $50 ~ $5E 

The key scale is a function that enables modulation through 
the sound level during the envelope period. In other words, the 
higher the tone, the shorter becomes each rate. A possible setting 
is 2 bits and 4 steps, with 0 no effect is obtained, and the time 
difference is greatest when 3 is selected. 


Table 2. 6 shows the key scaling values through KS. 
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Each rate of the envelope generator is ultimately determined 
by the data of A., D., S., and R. parameter settings, and by the 
key-scaling values. The values are shown below. 


Rate = @ R + Rks ; when R = O, Rate = 0 


* Ris the set value for each parameter of Dit; Sis 


, and R. 
However, for RR (Release Rate) R is (set value x 2 +1 


) 


* RkKs is the key scaling value. 


* As the maximum rate is 63, even if the value of the result of the 
calculations is greater than 63, the rate is always 63. 


Table 2.6 Rate Key Scaling 


(Table 2.6] 
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2 - 4 - 2 SSG-type Envelope Control 


The envelope of the envelope generator can be controlled by 
using a previously reset SSG-type envelope. The SSG-type Envelope 
has the same waveform as the envelope seen in SSG sound source, and 
it is possible to add modulation of the envelope that can not be 
obtained simply by setting the EG parameters. Figure 2.4 explains 
the envelope modes. 


All the EG parameters when this envelope is used are listed 
below. 


(1) The setting of the AR data is should be specified as "$1F". 

(2) Modulation of the envelop in the key-on mode is 
determined by level settings of each rate of DR and SR 
and by SL. 

(3) RR works just like a normal mode, the settings of the 
decrease period after Key-off is selected. 

* SSG - EG : $90 ~ 9E 

[figure] 


Table 2.4 SSG-type envelope 
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2-4 >.3 


The level of the envelope created with the envelope generator 
is set by an output control circuit. It determines the output level 
of the operator, its timing range is 96 dB, and its discrimination 
can be set to 0.75 GB. 


It should be emphasized in this context that the output level 
is shown by the amount of decrease. In other words, the amount of 
the decrease is set when we take as the maximum value of the output 
of the operator at O DB. 


* TL (Total Level) : $40 ~ $4E 


The setting of the output level is done with the total level. 
The position of each bit reflected in the amount of decrease. 
Consequently, "00" is selected with 0dB (level max), and "7F" will 
be the amount of decrease of 96 dB (level min). 


However, since the YM2612 has a built-in D/A converter with 
9 bits, the real analog sound output corresponds to 54 GB. 


Consequently, when we compare this output to OPN, the resulting 


analog sound output is ultimately sometime created as an overflow 
or underflow even if totally identical parameters are set. 


{figure] 
{figure} 
Figure 2.8 The Position of Each TL bit 
Ls The amount of decrease (dB) 
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2=5 LFO: Low Frequency Oscillator 


LFO modifies the operators with the output of the built-in low 
frequency oscillator and thus provides a periodic function with 
respect to the sound. Since the LFO waveform of the YM2612 is a 
sine wave, modulation control is done through 5 types of 
parameters. 


* LPO FREQ. * $22 


This sets the oscillation frequency determining the speed of 
the LFO and the on/off control of the LFO. 
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{figure} 


When D322: <"1". “LFO- i¢° on. 
When D2 ~ DO: Setting of the oscillation frequency. 


[figure] 
* PMS (Phase Modulation Sensitivity): $B4 - $B6 

LFO is added to (modulated by) the frequency (phase) 
information that was set by the F-Number/Block, which is how one 
can periodically modulate the sound level. PMS is a parameter that 
sets the depth of the modulation and the degree of phase modulation 
to the channel units. 

* AMS (Amplitude Modulation Sensitivity) 
:$B4 ~ B6 

The output level of the operator can be periodically modulated 
by adding LFO to the Total Level. AMS is a parameter that sets the 
depth of the modulation and the degree of amplitude modulation to 
the channel units. 

The effect of the amplitude modulation on the sound that is 
caused by the LFO depends on the role of the operators. In other 
words, when the carrier was modulated, the volume of sound is 
modified, and the tone color is modified by the modulator. 
[figure] 


a4 The degree of modulation (cent) 
2: The degree cf modulation (dB) 
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* AMON: $60 ~ S6E 

This is a switch the performs the on/off operation for 
amplitude modulation for each slot. The switch is on when "1" is 
selected. 
[figure] 


The parameters described above are used for setting .of the 
LFO. 
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2=- 7 = 2 Output Selection 


The YM2612 provides analog output of two channels called MOL 
and MOR, and it can distribute the FM sound of 6 channels, or the 
FM sound + 1 PCM of 5 channels both to the MOL and the MOR. 


* L/R: $B4 ~ $ B6 "D7 and D6" 


When "1" is selected, this function is ON and the output is 
provided to the appropriate channel. 


On the other hand, some sound will be heard even if "0" has 
been specified, depending on the set tone color parameters and the 
total sound level. 
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ce Electric Characteristics 
See | Absolute Maximum Rating 
Item Rated Value Unit 
ee 
Terminal voltage mis. S60 Vv 
Ambient temperature of 
operational environment 0 - 70 2c 
Storage temperature = BO. 525 ne 


3 =- 2 Conditions Recommended for Operation 

Item Symbol Minimum Standard Maximum Unit 
eee a ek ae Ee ea 
Voltage of the Vcc 4.75 5.0 5.25 Vv 
power source GND ) a 


_ eee 
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aa ae Direct Current Characteristics 
Ta = OPO *C) 

1. Item 

2's Symbol 

3% Conditions 

4. Minimum 

oy Standard 

6. Maximum 

Te Unit 

8. Input high level voltage 

9, Total input 

10. Input low level voltage 

12 foveal input 

12. Clock input high level voltage 

13. Clock input low level voltage 

14. Input leak current 

15. Three state input current (off state) 

16. Output high level voltage 

17. Output low level voltage 

18. Output leak current (off state) 

19. Analog output voltage 

20. Maximum sound volume 

21. Power source current 

22. Pull up resistance 

23. Input capacity 

24. Total input 

25. Output capacity 

26. Total output 
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5 = 4 Alternating Current Characteristics 
Tse 00 70. ee) 

ke Item 

2. Symbol 

3% Conditions 

4. Minimum 

5:. Standard 

6. Maximum 

os Unit 

8. Input clock frequency 


(Ambient Temperature of the Operational Environment is 


(Ambient Temperature of the Operational Environment is 
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9. Input clock duty 

10. Input clock rising time 
11. Input clock falling time 
12. Address setup time 

13. Address hold time 

14. Chip select write width 
15. Write pulse width 

16. Write data setup time 
17. Write data hold time 
18. Chip select read width 
19. Read pulse width 

20. Read data access time 
21. Read data hold time 


22. (Figure 3 3) 
23. (Figure 3 - 1) 
24. (Figure 3 - 1) 
25. (Figure 3 = 2, 3) 
26. (FIgure 3 = 2, 3) 
27. (Figure 3 - 2) 
28. (Figure 3 - 2) 
29. {Figure 3 = 2) 
30. (Figure 3 —- 2) 
31. (Figure 3 - 3) 
32. (Figure 3 - 3) 
33. (Figure 3 - 3) C, = 100 pF 


34. * Reset 


35. Item 

36. Symbol 

37. Conditions 

38. Minimum 

39. Standard 

40. Maximum 

41. Unit 

42. Reset pulse width 
43. (Figure 3 - 4) 


44. Cycle 

45. 3-5 DAC Characteristics 
46. Item 

47. Symbol 


48. Conditions 

49. Minimum 

50. Standard 

51. Maximum 

523, Unive 

53. Maximum output amplitude 
54. Discrimination 
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aes The standard of the setting on the timing diagram is VH = 2.0 
Vj0NE =20..8° ¥. 


2 Figure 3 - 1 Clock timing 

3). (Note) 

4% Tcsw, Tww, Twds, and Twdh have a high level of CS and WR as 
a standard. 


5. Figure 3 - 2 Write Timing 

6. (Note) 

Tv Tacc have a LOW level of either CS or RD as a standard. 

8. Tesr, Trw, Trdh have a HIGH level of either CS or RD asa 


standard. 
9. Figure 3 - 3. Read Timing 
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» es Figure 3 - 4 Reset - Pulse Width 


SEGA 


SEGA OF AMERICA, INC. 
Consumer Products Division 


GENESIS TECHNICAL BULLETIN #11 


To: Developers and Third Parties 

From: Mac Senour, Technical Support Vis 
Date: 9/9/91 

Re: Problems during sound access 


Sound output stops during a game. 


Problem: 
The busy flag was read in the FM sound generator YM2616 
like this (address 4001h) 


(CS,RD,WR,A1,A0) = (0,0,1,0,1) 


However, in the case of the YM2612, it's output is not 
regulated according to the conditions set above. This results in 
the device being read as "not busy" and as a consequence, ends up 
outputing sound. 


Fix: 
When the FM sound generator's busy flag is read, do not 
access anything else other than: 


(A1,A0) = (0,0) (address 4000h) 
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SEGA OF AMERICA, INC. 
Consumer Products Division 


GENESIS TECHNICAL BULLETIN #12 


To: Developers and Third Parties 

From: Mac Senour, Technical Support Moe — f 
Date: 9/9/91 

Re: Problems with repeated resets 


The software seems to go out of control when resets are 
repeated. 


The Problem: : 

When the reset occurs the CPU is reset, however the VDP 
is not. When the reset occurs during at DMA the VDP continues the 
DMA. The VDP is accessed right after the reset. If this is done 
while the VDP is executing a DMA then this access is ineffective. 


The Fix: 
Before accessing the VDP after the initialization program 
(ICD_BLK4), check the DMA BUSY status register. If a DMA is being 
executed, do not attempt to access the VDP. 


If the problem persists, ensure that you are not executing a 
DMA right after a reset. 
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SEGA OF AMERICA, INC. 
Consumer Products Division 


GENESIS TECHNICAL BULLETIN #13 


To: Developers and Third Parties 

From: Mac Senour, Technical Support oe 

Date: 9/9/91 

Re: Corrections to the Genesis Software Manual 


When discussing VRAM, CRAM and VSRAM access, the manual states 
in pages 22-27 that byte access is possible. This is incorrect. 
Access is limited to word or long word. 

On page 77 it implies that the 68000 may sét the bank 
switches. The bank switches MUST be set by the Z80. 

These changes affect version 1.0 of the manual, later versions 
will reflect this correction. 
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GENESIS TECHNICAL BULLETIN #14 


To: ' Developers and Third Parties A 
From: Mac Senour, Technical Support Wee 
Date: 9/5/91 

Re: ROM splitting 


As we all know Genesis products must be split into 128k odd & 


even pieces. Sega expects the ROM images to be in the following 
format: 


0:Even 1:0dd 


2:Even 3:0dda 


For larger products, continue the above pattern. We would 
= appreciate it if all products would conform to this method of 
z splitting. Please request the utility to split ROMs, M2B or 
2 Split4, if your current tool can't output files in this manner. 
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